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EXECUTIVE SUMMARY 
 

 
The Hangar 1000 regulated unit consisted of two underground storage tanks (USTs), Tank A and Tank B, 

which were operated from the late 1960s until they were closed in 1994.  Tank A was a 750-gallon 

concrete tank used as a solvent and water separator that discharged water to a nearby storm sewer.  

Tank B was a 2000-gallon steel underground storage tank (UST), which received solvent overflow from 

Tank A and waste oils and solvents discharged from other operations at the facility.  

 

Historical documentation indicates that during periods of heavy rainfall, water in the storm sewer would 

back into the oil-water separator (Tank A), which was not designed to prevent back flow.  It is presumed 

that back flow into the separator may have resulted in releases to the environment.  Releases may have 

occurred over the life span of the tank system, from the late 1960’s until the time of the last waste 

discharge to the tanks in 1987.    

 

During the early 1990’s groundwater conditions around the tank were assessed and closure plans for the 

tank system were developed.  Site specific risk based target concentrations were developed for both soil 

and groundwater.  Closure of the tanks was completed in 1994.  During closure activities, the tanks and 

associated piping were removed, except for piping that had to be abandoned in place due to the presence 

of structures.  Contaminated soil exceeding site specific risk-based target concentrations were removed 

from the site, however impacts to groundwater exceeding the site-specific risk-based levels did not allow 

for a clean closure. 

 

Primary constituents of potential concern (COPCs) detected in soils and groundwater at the site include 

1,1,1-trichloroethane (TCA); 1,1-dichloroethane (DCA); trichloroethene (TCE); 1,1-dichloroethene (DCE); 

1,2-DCE; and vinyl chloride.  Other COPC constituents have also been present to varying degrees of 

contamination including benzene, toluene, 3&4-methylphenol, and naphthalene.  

 

Groundwater impacts are limited to the shallow unit of the surficial aquifer, which is composed of three 

units at Hangar 1000.  The shallow unit  is composed of a heterogeneous mixture of fine-grained sands, 

silt, and sandy clay.  The percentage of clay increases in the shallow unit with depth until a sandy clay 

member is encountered at approximately 24 feet (ft) below land surface (bls).  This sandy clay member 

continues until a second unit, a dry clay is encountered at  28 to 30 ft bls.  The clay unit prevents 

communication between the shallow unit and a second sand unit (intermediate aquifer) found at 

appoximately 50 ft in depth.   Groundwater flow in the shallow unit is to the southeast with an average 

flow velocity of appoximately 75 ft per year.  Downgradient of Hangar 1000, groundwater enters a storm 

sewer located on the south side of Yorktown Avenue.  Based on the groundwater velocity, groundwater 
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will travel from the source area to the storm sewer at the downgradient end of the plume in approximately 

6.5 years. 

 

The source area has been subjected to three rounds of chemical-oxidation treatments.  After each 

treatment, dissolved phase COPC concentrations in groundwater rebounded to baseline concentrations 

or greater.  It is believed that dense non-aqueous phase liquid (DNAPL) in the source area is the source 

for the rebound of dissolved phase constituents.  Recent work performed by J. A. Jones Environmental 

Services to further assess the source area indicates that DNAPL may be present in soils beneath the 

former Tank A location in a sandy clay horizon at 10-12 ft bls and in the sandy clay at 24 ft bls.  Total 

volatile organic compound (VOC) concentrations in groundwater vary, but generally are between 10 and 

20 milligrams per liter (mg/L) in the source area and surrounding wells.   

 

Computerized modeling of the fate and transport of COPCs in groundwater indicate that the travel time 

from the tank source area to the storm sewer is 16, 14, and 12 years for TCE, DCE, and vinyl chloride, 

respectively.   At the present time, the source area appears to be continuously loading contamination into 

the aquifer, but the system has reached steady state conditions.  A simulation of the cleanup time of the 

aquifer, after a 100 percent removal of TCE, DCE, and vinyl chloride in the source area, resulted in 

restoration of the aquifer in approximately 17 years.   

 

The results of the human health preliminary risk evaluation (PRE) for industrial receptors exposed to 

chemicals that have volatilized from groundwater and migrated through building foundations into indoor 

air indicates an incremental cancer risk (ICR) of 6.4 x 10
-7

 that is less than both United States 

Environmental Protection Agency (USEPA) and the Florida Department of Environmental Protection 

(FDEP) target risk levels.  Calculation of a hazard index (HI) of 0.0003 is less than USEPA's and FDEP's 

acceptable level of 1.0. 

 

The results of the human health PRE for direct contact exposures from potable use of groundwater 

indicates an ICR of 3.9 x 10
-2

 which exceeds both USEPA’s and FDEP’s target risk range.  Chemical 

specific ICRs for benzene, 1,2- DCA; 1,1-DCE; TCE; 1,1,2-TCA; tetrachloroethylene (PCE); and vinyl 

chloride were greater than 1 x 10
-6

.  

 

The results of  a screening level ecological risk assessment (ERA) do not indicate unacceptable risk to 

ecological receptors from contamination in the storm sewer and the drainage ditch located downgradient 

from Hangar 1000. 
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A Focused Feasibility Study (FFS) was developed to address groundwater contamination.  To protect the 

public from potential current and future health risks, as well as protect the environment, this FFS identified 

the following Remedial Action Objectives (RAOs): 

 

Prevent unacceptable risks from human exposure to contaminated groundwater. 

Prevent contaminant migration from groundwater to surface water. 

 

The following chemicals of concern (COCs) and PRGs were established for groundwater: 

 

Chemical of Concern 
PRG

(1)
 

(μg/L) 

Chlorinated VOCs  
1,2-DCA 3 
1,1-DCE 7 
1,2-DCE (total) 63 
1,1,1-TCA 200 
1,1,2-TCA 5 
TCE 3 
PCE 3 
Vinyl Chloride 1 
Petroleum Compounds  
Benzene 1 
SVOCs  
3-methylphenol 35 
4-methylphenol 3.5 
Naphthalene 20 

(1)
  FDEP GCTLs (FDEP, 1999). 

 

Based on the results of the RI, it was established that the groundwater contaminant plume extends 

approximately 520 ft in a southeasterly direction from Hangar 1000, reaching across Yorktown Avenue.  

The surface area, depth, and volume of that contaminant plume are estimated at approximately 

52,400 square ft; 25 ft; and 8,400,000 gallons, respectively. 

 

Results of post-RI field investigations have shown that the majority of COCs are contained in three areas 

of groundwater and associated saturated soil that have been designated as DNAPL source areas.  These 

three areas extend over a total surface of approximately 1,050 square ft and from a depth of 7 to 25 ft bls.  

The total weight of COCs in the DNAPL source areas has been estimated at approximately 60 pounds. 

 

The following general response actions (GRAs) were considered for groundwater remediation: 

  

• No Action 

• Limited Action 

• Containment 

• Removal 
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• In-Situ Treatment 

• Ex-Situ (On-Site) Treatment 

• Disposal 

  

Consideration of the No Action GRA is mandated by law.  Although Limited Action technologies such as 

natural attenuation, institutional controls, and monitoring would be of limited effectiveness for removal of 

the DNAPL source areas, they were retained for consideration because they would be effective to 

address contaminated groundwater outside of the DNAPL source areas.  Containment and Removal 

technologies, as well as the removal-associated Ex-Situ Treatment and Disposal technologies, were 

eliminated from further consideration because these types of technologies have historically proved 

ineffective for the removal of DNAPL, and they do not offer substantial advantages over Limited Action 

technologies for the remediation of contaminated groundwater outside of the DNAPL source areas.  

In-Situ Treatment technologies were retained for consideration because this type of technology has 

generally proven most effective for the removal of DNAPL.  Although a previous Interim Removal Action 

(IRA) has failed to prove the effectiveness of in-situ oxidation with Fenton Reagent, bench-scale testing of 

in-situ treatment with bimetallic nano-scale particles (BNP) was very successful, and this technology is 

likely to be most cost-effective for the removal of the DNAPL source areas at Hangar 1000. 

  

On that basis, the NAS Jacksonville Partnering Team has agreed to streamline the groundwater 

treatment technologies screening process and retain the following technologies for further consideration 

in this FFS: 

  

• No Action. 

• Limited Action including natural attenuation, institutional controls, and monitoring. 

• In-Situ Treatment with BNP technology. 

 

Based upon this selection the following remedial alternatives were developed: 

 

• No Action. 

• Natural Attenutation, Institutional Controls, and Monitoring. 

• Source Removal with BNP, natural attenuation, institutional controls, and monitoring. 

 

These alternatives were evaluated for the following seven criteria: 

 

• Overall protection of human health and the environment. 

• Compliance with applicable and relevant and appropriate requirements (ARARs). 

• Long-term effectiveness and permanence. 
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• Reduction of toxicity, mobility, and volume through treatment. 

• Short-term effectiveness. 

• Implementability. 

• Cost. 

 

Overall Protection of Health and Environment 

 

Alternative 1 would not provide protection of human health and the environment because it would allow 

uncontrolled exposure to contaminated groundwater and unmonitored contaminant migration. 

 

Alternatives 2 and 3 would be protective of human health and the environment.  Alternative 2 would 

mostly achieve protection through its institutional controls and monitoring components that would prevent 

exposure to contaminated groundwater and warn of contaminant migration.  Alternative 3 would be 

significantly more protective because in addition to the same institutional controls and monitoring as 

Alternative 2, it also includes an active treatment component that would remove groundwater COCs much 

faster than natural attenuation. 

 

Compliance with ARARs and To Be Considered (TBC) Criterion 

 

Alternative 1 would not comply with chemical- and location-specific ARARs.  Action-specific ARARs or 

TBC criterion would not apply. 

 

Alternatives 2 and 3 would comply with location- and action-specific ARARs and TBC criterion.  

Alternatives 2 and 3 would not immediately comply with chemical-specific ARARs and TBC criterion, but 

these two alternatives would eventually achieve compliance as they attain PRGs either through natural 

attenuation alone (Alternative 2) or through active treatment (Alternative 3).  Alternative 3 would achieve 

compliance much sooner than Alternative 2. 

 

Long-Term Effectiveness and Permanence 

 

Alternative 1 would not be effective and permanent because it would not restrict exposure to 

contaminated groundwater or provide monitoring for the evaluation of potential COC migration. 

 

Alternatives 2 and 3 would provide long-term effectiveness and permanence. The institutional controls 

and monitoring components of Alternative 2 would effectively prevent the use of the surficial aquifer as a 

drinking water source until the PRGs have been achieved and verify that no COC migration is occurring. 
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Alternative 3 would be significantly more effective than Alternative 2, because, in addition to the same 

institutional controls and monitoring components, this alternative would also include an active treatment 

component that greatly accelerates the permanent removal of COCs. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

 

Alternatives 1 and 2 would not achieve any reduction of toxicity, mobility, or volume of COCs through 

treatment.  Both alternatives would eventually achieve reduction of contaminant toxicity and volume 

through natural attenuation; however, under Alternative 1, this reduction would neither be verified nor 

quantified.  

 

Alternative 3 would achieve a reduction in COC toxicity and volume through treatment.  Alternative 3 

would irreversibly remove an estimated 60 pounds of COCs from the DNAPL source areas through 

application of BNP technology.  Alternative 3 would not generate treatment residues. 

 

Short-Term Effectiveness 

 

Implementation of Alternative 1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.  Alternative 1 

would not achieve the RAOs and, although the PRGs might eventually be attained through natural 

processes, this would not be verified. 

 

Implementation of Alternatives 2 and 3 would result in a possibility of exposing site workers to 

contaminated groundwater during monitoring activities.  However, these risks of exposure would be 

effectively controlled by compliance with proper site-specific health and safety procedures.  

Implementation of Alternatives 2 and 3 would not adversely impact the surrounding community or 

environment.  Alternatives 2 and 3 would achieve RAOs immediately upon implementation of institutional 

controls and monitoring.  Alternative 2 might require several thousand years to attain PRGs; however, 

Alternative 3 would comply with these within approximately 18 years. 

 

Implementability 

Alternative 1 would be easiest to implement because there would be no activities to implement. 

 

Technical implementation of Alternatives 2 and 3 would be relatively simple.  The resources, equipment, 

and material required for this implementation are readily available; however, the selection of qualified 

contractors for the BNP treatment component of Alternative 3 would be relatively limited, and a pilot-scale 

test would be necessary to confirm the design.   
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Administrative implementation of Alternatives 2 and 3 would be relatively simple.  Alternative 2 would 

require no permits.  Alternative 3 may require a construction permit and may have to meet the substantive 

requirements of an Underground Injection Control (UIC) permit. 

 

The capital and operation and maintenance (O&M) costs and net present worth (NPW) of the alternatives 

are as follows: 

 

Alternative Capital Cost NPW of O&M Cost NPW Cost 
1 $0 $0 $0 
2 $9,000 $211,000 (30-Year) $220,000 (30-Year) 
3 $418,000 $188,000 (20-Year) $606,000 (20-Year) 

 
 

The above cost figures have been rounded to the nearest $1,000 to reflect the very preliminary nature of 

the estimates.  Detailed cost estimates are provided in Appendix J. 

 

Based on the results of evaluation of alternatives, the NAS Jacksonville Partnering Team has selected 

Alternative 3 as the preferred remedy.  Alternative 3 was selected as the preferred remedy since it best 

meets the conditions for protection of human health and the environment through active removal of the 

sources of groundwater contamination.  Alternative 3 also meets this criterion through the establishment 

of institutional controls to prevent human exposure to contaminated groundwater until cleanup goals have 

been met through natural attenuation.  

 

 

03JAX0008 ES-7 CTO 0111 



  Rev. 1 
  03/19/04 

1.0 INTRODUCTION 

 
Tetra Tech NUS, Inc. (TtNUS) under contract to the United States Navy (Navy), Southern Division, 

Naval Facilities Engineering Command (SOUTHNAVFACENGCOM) conducted a RI/FS for Hangar 1000 

at Naval Air Station (NAS) Jacksonville located in Jacksonville, Duval County, Florida.  This RI/FS has 

been completed in accordance with Contract Number N62467-94-D-0888, Contract Task Order (CTO) 

111 as part of the Navy Installation Restoration Program (NIRP).  The activities and findings for the RI/FS 

are presented and discussed in this report. 

 
The Navy implemented the NIRP to investigate and remediate releases of hazardous materials at Navy 

and Marine Corps installations.  The NAS Jacksonville Partnering Team, established in 1993, guides the 

implementation of the NIRP at NAS Jacksonville.  This team consists of representatives from USEPA, the 

FDEP, SOUTHNAVFACENGCOM and its consultants, and the NAS Jacksonville Facilities Department. 

 
1.1 RI/FS APPROACH AND OBJECTIVES    
 

Hangar 1000 is the location of a former oil-water separator and UST system, which received liquid wastes 

from wash racks and floor drains located inside of the Hangar’s maintenance facilities.  An inspection 

conducted by the FDEP in 1989 identified the UST system as a Resource Conservation and Recovery 

Act (RCRA) unit.  A series of investigations and closure activities, in which data was collected, indicated 

impacts to both soils and groundwater beneath Hangar 1000.  Detail regarding the site history is provided 

in Section 2.0 

 
Work conducted under the RCRA program included the following: 
 

• Removal of the UST system except piping located beneath structures, which were closed in place. 

• Removal of impacted soils with COPCs in excess of site-specific soil clean up levels. 

• Identification of impacts to groundwater and assessment of the extent of impacts. 

• Monitoring of groundwater conditions 

 

Subsequent discussion between the Navy and FDEP resulted in a decision to transfer the assessment 

and cleanup of impacted groundwater at the Hangar 1000 to the Comprehensive Environmental 

Response, Compensation, and Liabilities Act (CERCLA) program allowing for management of the site 

under the NIRP by the NAS Jacksonville Partnering Team.  Therefore, Hangar 1000 was identified as 

Potential Source of Contamination (PSC) 52 and Operable Unit (OU) 7.  The NAS Jacksonville Partnering 

Team subsequently required an RI/FS to address groundwater contamination resulting from the operation 

of the former UST system. 
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A scoping meeting was conducted by the NAS Jacksonville Partnering Team to plan the RI field activities.  

Due to prior work conducted in the source area located in the key-way to Hangar 1000, the 

NAS Jacksonville Partnering Team decided to focus RI activities on determining the extent of 

contamination in groundwater.  It was determined that the site-specific Sampling and Analysis Plan would 

be used to guide the proposed RI/FS field activities.  The specific assessment tasks were as follows: 

 

• Direct Push Technology (DPT) Survey:  Conducted a screening survey of groundwater conditions 

using DPT techniques and mobile laboratory.  The screening results were used to field locate 

additional sample locations and monitoring well locations. 

 

• Monitoring Well Installation:  Based on results of the screening survey, monitoring wells were 

designed, installed, and developed. 

 

• Sampling of Newly Installed and Existing Wells:  All newly installed and existing wells were purged 

and sampled. 

 

 The objectives of the RI/FS are as follows: 

  

• 

• 

• 

• 

• 

• 

Develop an understanding of the geologic and hydrogeologic setting at Hangar 1000. 

Define the aerial and vertical extent of impact to the media of concern.  

Collect natural attenuation (NA) parameters and evaluate the potential NA pathways. 

Identify the COPCs for the risk assessment process.  

Conduct human health and ecological risk assessments. 

Evaluate and recommend remedial alternatives that may achieve a final remedy for the site. 

 

1.2 REPORT SCOPE AND ORGANIZATION 
 

This report documents the results from the current field RI program and also presents data from previous 

activities at Hangar 1000.  This report includes analytical results from previous investigations and also 

summarizes their findings and conclusions.  Furthermore, it incorporates these reports by reference to 

provide a comprehensive record of the investigative activities at Hangar 1000. 
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This report contains the following 14 sections: 

 
1.0 Introduction, overview of the RI/FS approach and objectives, background information, and the 

scope and organization of the report. 
 
2.0 Site background, location, descriptions, history of Hangar 1000, and physical characteristics of 

the region and Hangar 1000, including climate, soil, geology, and hydrogeology. 
 
3.0 Previous site investigations and remedial actions. 
 
4.0 RI/FS field program summary of the activities conducted for this remedial investigation. 
 
5.0 Nature and extent of all contamination within each environmental media including an evaluation 

of NA processes and results. 
 
6.0 Contaminant fate and transport. 
 
7.0 Human Health Risk Assessment (HHRA). 
 
8.0 Ecological Risk Assessment (ERA). 
 
Sections 9.0 through 14.0 are to be added when the draft FS is completed. 
 
9.0 Description of the FS process. 
 
10.0 Remedial Action Objectives. 
 
11.0 Screening of remedial technologies and development of remedial alternatives. 
 
12.0 Detailed analysis of the remedial alternatives for surface soil and groundwater. 
 

13.0 Comparative analysis of the remedial alternatives. 
 
 References 
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2.0 SITE BACKGROUND 

 
2.1 SITE CHARACTERIZATION 
 

The following sections provide a historical overview of the NAS Jacksonville facility and a site-specific 

background for Hangar 1000.  Background information on the geography and demographics, 

physiography and topography, climate, soil, regional geology, and regional hydrogeology are 

summarized. 

 

2.1.1 Location and Description 
 
NAS Jacksonville occupies approximately 3,896 acres in southeastern Duval County, Florida and is 

located approximately 9 miles south of downtown Jacksonville.  The facility is located on the St. Johns 

River approximately 24 miles upstream from its confluence with the Atlantic Ocean.  The main portion of 

NAS Jacksonville is bordered to the north by the Timaquana Country Club, to the east and northeast by 

the St. Johns River, to the south by a residential area, and to the west by Highway 17 

(Roosevelt Boulevard) with Westside Regional Park, commercial developments, and other 

NAS Jacksonville operations beyond.  The location of NAS Jacksonville is presented in Figure 2-1.  The 

location of Hangar 1000 on NAS Jacksonville is presented in Figure 2-2. 

  

NAS Jacksonville is a multi-mission base hosting more than 100 tenant commands and employing more 

than 26,000 active duty and civilian personnel.  The installation is home to the P-3C Orion long-range 

maritime surveillance aircraft, the SH-60F Seahawk helicopter, and the S-3B Viking jet aircraft.  The 

Naval Aviation Depot located at NAS Jacksonville is the largest industrial employer in northeast Florida 

and performs maintenance, repair, and overhaul of Navy aircraft. 

 

In addition to the many operational squadrons flying P-3, C-12, and C-9 aircraft and SH-60F helicopters, 

NAS Jacksonville is home to Patrol Squadron Thirty, the Navy's largest aviation squadron and the only 

"Orion" Fleet Replacement Squadron that prepares and trains United States and foreign pilots, air crew, 

and maintenance personnel for further operational assignments.  

 

Support facilities include an airfield for pilot training, a maintenance depot employing more than 

150 different trade skills capable of performing maintenance as basic as changing a tire to intricate 

micro-electronics or total engine disassembly, a Naval Hospital, a Fleet Industrial Supply Center, a Navy 

Family Service Center, and recreational facilities.   
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2.1.2 NAS Jacksonville History 
 
NAS Jacksonville was commissioned on October 15, 1940 to provide facilities for pilot training and a 

Navy Aviation Trades (NAT) School for ground crewmen.  With the advent of World War II, the physical 

size of the NAS Jacksonville more than doubled, and military functions supported the war effort.  During 

1942, the Navy phased out pilot training, and the station became the headquarters for the Chief of Naval 

Operational Training, the final training phase before fleet assignment.  The NAT School became the 

Naval Air Technical Training Center under the Chief of Naval Air Technical Training, NAS Memphis.  The 

operational areas of the station still maintained coastal protection with seaplanes.  The facility reached a 

peak of 42,000 Naval personnel and 11,000 civilians by 1946. 

 

At the conclusion of World War II, NAS Jacksonville was devoted entirely to aviation training.  In 1945, 

Chief of Naval Operational Training was redesignated Chief Naval Air Advanced Training.  In July 1946, 

the Seventh Naval District was transferred from Miami, Florida to the NAS Jacksonville facility, as joint 

command with Chief Naval Air Advanced Training.  On April 5, 1948, the Navy transferred the Chief Naval 

Air Training and all training facilities to NAS Corpus Christi, Texas. 

 

By January 1949, NAS Jacksonville’s mission was to support the operational carrier squadrons with fleet 

squadrons assigned to Commander, Naval Air Bases, Sixth District, and patrol squadrons assigned to 

Combat Patrol Wing Eleven.  On January 1, 1951, the Navy reactivated the Naval Air Technical Training 

Center and Marine Air Division activities in support of the Korean build-up of facilities.  This joint 

operational and training status continues to this time. 

 

2.1.3 Hangar 1000 History 
 
Hangar 1000 is located slightly southwest of John Towers Field at NAS Jacksonville along the northern 

side of Yorktown Avenue.  Hangar 1000 is part of a complex that services large aircraft at 

NAS Jacksonville.   The Hangar 1000 site plan is presented as Figure 2-3.  The Hangar 1000 regulated 

unit consists of two USTs, Tank A and Tank B, which were operated from the late 1960’s until they were 

closed in 1994.  Tank A was a 750-gallon concrete tank used as a solvent and water separator.  Tank B 

was a 2000-gallon steel UST, which received solvent overflow from Tank A and waste oils and solvents 

discharged from other operations at the facility.  The location of the tanks is provided on Figure 2-4.  See 

Appendix A, Section 3, Figure 3-8 for a diagram of the UST, piping, floor drains, and wash rack system.   
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The following is a list of chronological events for activities performed at the Hangar 1000 regulated unit: 

 

• 1989 – RCRA inspection discovers Tanks A and B were utilized to process discharges from 

Hangar 1000 wash racks and shop activities.  Tank A was a separator, and Tank B received product 

from the separator and product directly from the shop drains. 

 

• 1991-1992 – Initial assessment activities discovered VOC contamination in soil and groundwater at 

Hangar 1000. 

 

• 1992 – An HHRA was conducted and target concentrations for soils were developed and approved. 

 

• 1993 – A Closure Plan was developed and submitted. 

 

• 1994 – Tanks A and B were removed, and soils above target concentrations were excavated.  Most 

of the piping was removed; however, some pipes were cleaned and abandoned in place due to 

obstructions. 

 

• 1995-1999 – Various assessment activities expanded the scope of the investigation in order to define 

the extent of the plume. 

 

• 2000 – A post-closure permit was issued and the area was closed as a landfill.  RCRA monitoring 

was conducted.  An agreement was reached to allow clean up to be conducted under CERCLA.  

RCRA monitoring continues on a semi-annual basis. 

 

• 2000-2001 – Interim remedial action (chemical oxidation) was performed in the source area.  

 

• 2001-2002 – Additional assessment activities were conducted to define the vertical and horizontal 

extent of contamination. 

 

2.2 ENVIRONMENTAL SETTING 
 

2.2.1 Geography, Demographics, and Land Use 
 
Hangar 1000 is located slightly southwest of John Towers Field on NAS Jacksonville along the northern 

side of Yorktown Avenue.  Hangar 1000 is part of a complex that services large aircraft at 

NAS Jacksonville.  
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2.2.2 Physiography and Topography 
 

NAS Jacksonville is located in the Coastal Plain physiographic province.  The Coastal Plain is composed 

of marine and fluvial sediments in the vicinity of the facility.  The sediments were deposited in terraces 

related to prehistoric fluctuations in sea level.  The terrace deposits are in the form of ridges that tend to 

parallel the current coastline.  The topography of the terrace deposits is characterized by very low relief 

with gentle slopes to the east-southeast.  Seven terraces are present in northeast Florida with NAS 

Jacksonville located within the Pamlico terrace [10-25 ft mean sea level (msl)]. 

 

The overall topography at Hangar 1000 is generally flat with a gentle slope to the southeast according to 

the United States Geological Survey (USGS) topographic map for Orange Park (USGS, 1993).  A 

topographical map is presented in Figure 2-5. 

 

2.2.3 Climate 

 

The climate in northeast Florida approaches semi-tropical as it lies near the northern limit of the trade 

winds (the prevailing easterly winds that moderate summer and winter temperatures).  The annual mean 

temperature is 68 to 70 degrees Fahrenheit (°F) with an average temperature in the summer of 82 to 

83°F and a winter average of 56 to 57°F.  Summer highs reach the middle to upper 90°F, sometimes 

exceeding 100°F.  The winter lows can reach the upper teens, although temperatures seldom drop below 

freezing. 

 

The region experiences an average of 54 inches of rainfall per year, most of which accumulates during 

frequent summer thunderstorms.  Extended dry periods may occur throughout the year; however, they 

are most common in spring and fall.  The relative humidity averages 87 percent and the average annual 

sunshine is 62 percent of the maximum. 

 

Wind speed in northeast Florida averages 8 miles per hour with winds predominantly from the northeast 

in the winter and from the southwest in the summer.  Winds of hurricane force can be expected once in 

five years with significant deviations from the average.  Tropical storm activity mostly occurs from August 

through October, although the 6-month period from June 1 through November 30 is officially considered 

the Atlantic hurricane season. 
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2.2.4 Soil 
 
Soils at NAS Jacksonville developed in marine terrace sediment deposits and are regionally classified 

by the United States Department of Agriculture (USDA) Soil Conservation Service as the 

Pelham-Mascotte-Sapelo soil series assocation.  Soils in this association are characterized as nearly 

level, poorly drained sands to a depth of 20 inches bls, which are underlain by loamy sands 

(USDA, 1978).   

 

2.2.5 Regional Geology 
 

The geologic profile at NAS Jacksonville is comprised of unconsolidated surficial deposits of 

predominantly fine to very fine clastic sediments that range from clean fine to medium-grained sands, to 

silty sands, to sandy and silty clay (Fairchild, 1972) overlying thick deposits of phosphatic sands and 

clays of the Hawthorn Group (Scott, 1988) and limestones and dolomites of the Floridan aquifer system 

(Leve, 1966). 

 

The Hawthorn Group is significant at NAS Jacksonville because it contains as much as 200 ft of low 

permeability, silty, sand-clay layers (Scott, 1988).  This low permeability deposit acts as an aquiclude for 

the underlying Floridan aquifer system.  The Floridan aquifer system is the major source of potable water 

in the Jacksonville area and throughout much of northeastern and central Florida. 

 

2.2.6 Regional Hydrology 
 
Three aquifer systems have been identified in the Jacksonville area including the surficial aquifer, the 

intermediate aquifer, and the Floridan aquifer system.   

 

The surficial deposits consist of sediments of Late Miocene to Recent age.  The sediments are highly 

variable and include sands, shelly sands, coquina, silts, clay, and shell beds.  While the surficial aquifer 

may be considered a single unit on a regional or base-wide scale, localized clay layers or discontinuous 

lenses may divide the aquifer into distinct permable units (ABB-ES, 1995a).  The contact between the 

surficial aquifer deposits and the underlying Hawthorn Group is an unconformity generally identified by a 

coarse phosphatic sand and gravel bed (Leve, 1966).  Average well yields in Jacksonville for the shallow 

groundwater aquifer were estimated by the City of Jacksonvlle Planning Department to be between 200 

and 500 gallons per day (Toth, 1990).  This groundwater is primarliy used for lawn irrigations, domestic 

purposes, and the heat exchange unit in air conditioning and heating units. 

 

The Hawthorn Group consists mainly of dark-gray and olive-green sandy to silty clay, clayey sand, clay, 

and sandy limestone at a depth of approximately 60 to 70 ft bls at Hangar 1000.  Black phosphatic sand, 

granules, and pebbles are common throughout the Hawthorn Group (Fairchild, 1972).  The combination 
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of numerous thick clay layers within the Hawthorn Group serves as confining layers that separate the 

surficial aquifer from the underlying Floridan aquifer system.  The most common carbonate components 

of the Hawthorn Group are dolomite and dolosilt.  Clay minerals associated with the Hawthorn Group 

sediments are smectite, illite, palygorskite, and kaolinite. 

 

The intermediate aquifer has been identified at NAS Jacksonville as permeable sediments in the upper 

part of the Hawthorne formation.  

 

A marine carbonate sequence makes up the Floridan aquifer system beneath NAS Jacksonville.  The 

formation groups of the Floridan aquifer are Eocene in age and consist of, in descending order, the Ocala 

Group, Avon Park Limestone, Lake City Limestone, and Oldsmar Limestone.  The Floridan aquifer 

system is the principal source of fresh water in northeast Florida.  The water bearing zones consist of soft, 

porous limestone and porous dolomite beds.  The top of the Floridan aquifer in the vicinity of 

NAS Jacksonville occurs at a depth of about 400 ft bls.  Published transmissivities of the Floridan aquifer 

in eastern Duval County range from approximately 85,000 to 160,000 gallons per day per ft (Leve, 1966).  

Groundwater in the Floridan aquifer in the vicinity of NAS Jacksonville is moving eastward toward areas 

of heavy pumping (Fairchild, 1977).  Floridan aquifer wells in the vicinity of NAS Jacksonville are under 

sufficient artesian pressure to flow at the surface. 

 

Hydrogeologic information for water supply wells located within one mile of the site can be found in the 

Navy Installation Restoration Program Plan, Naval Air Station, Jacksonville, Florida, Volume 1, 

Organization and Planning, September 1991 by Geraghty and Miller, Inc.  This Plan contains information 

related to seasonal variation of surface water and groundwater flow, geological cross sections, and 

regional surveys. 

 

2.2.7 Regional Surface Water 
 

Two principal waterways, the St. Johns River and Ortega River, are located near NAS Jacksonville.  The 

St. Johns River forms the eastern boundary of NAS Jacksonville.  The St. Johns River is rated by the 

FDEP as a Class III water body, which is designated for fish and wildlife propogation and body contact 

recreational use.  The river at this point is influenced by tidal action and can be considered part of the 

St. Johns River estuary (NAS Jacksonville, 1990).  Hangar 1000 is within the St. Johns River drainage 

basin.  Based on salinity measurements taken during the Scoping Study Field Program, which ranged 

from 7.0 to 8.8 parts per thousand (ppt) as reported in the OU 3 RI/FS, the water would be classified as 

marine.  Salinity values greater than 2 ppt would support marine vegetation and aquatic life. 
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2.2.8 Site-Specific Geology 
 

Site-specific geological information has been obtained from the installation of monitoring wells at 

Hangar 1000.  The site geology is characterized by a fine to medium grained unconsolidated sand near 

the ground surface, which grades vertically into a silty sand interval at approximately 15 ft bls followed by 

a sandy clay interval beginning at approximately 24 ft bls.  The shallow sand interval is heterogeneous in 

nature and contains silty clay and sandy clay stringers.   The sandy clay interval transitions into a dry clay 

at approximately 28 to 30 ft bls.  This dry clay interval divides the surficial aquifer into distinct 

hydrogeologic units, or layers.  The shallow unit (layer 1) includes the surficial sands, silty sands, and 

sandy clay.  The clay unit (layer 2) extends to approximately 50 ft bls where a second sand unit (layer 3) 

is encountered.  The second sand unit has been referred to as the intermediate aquifer at 

NAS Jacksonville.  Below the intermediate aquifer are sediments of the Hawthorne Group at an estimated 

depth of 60 ft bls (Davis, 2002).  The Hawthorne Formation was not encountered by borings at 

Hangar 1000. 

 

A geologic cross-section line location map is provided as Figure 2-6.  A geologic cross section for 

transect A-A’ is provided in Figure 2-7.  Other cross section lines (B-B’ and C-C’ prime) are discussed in 

Section 5.0  

 

2.2.8.1 Site-Specific Surface Water 
 

Surface water runoff is directed toward an extensive stormwater drainage system present at 

NAS Jacksonville.  Stormwater runoff from Hangar 1000 empties into storm sewers, which, in turn, empty 

into a drainage ditch located southeast of Hangar 1000.  The storm sewer system south of 

Yorktown Avenue was observed during a dry period and was found to contain flowing water, which 

indicates that the storm sewer also serves as a receptor to groundwater.  Runoff from the stormwater 

ditch flows to the south toward the St. Johns River, located approximately 2000 ft east of Hangar 1000.   

Impacts to surface water were evaluated during the RI, and the results are presented in Section 5.0.  The 

drainage ditch was previously evaluated as PSC 44 and was determined to require no further action. 

 

2.2.8.2  Site-Specific Groundwater 
 

Groundwater is encountered at approximately 6 ft below the pavement surfaces at Hangar 1000.  Shallow 

groundwater within the surfcial aquifer flows to the southeast toward the drainage ditch located southeast

 

03JAX0008 2-12 CTO 0111 



A

A
'

B
'

B

C
C

'

T

T

A
-A

'
B

-B
'

C
-C

'

R
ev

. 0
11

/2
2/

02

C
TO

 0
11

1
2-

13
03

JA
X0

00
8

T

R
e
v
. 
1

0
3
/1

9
/0

4



LE
G

EN
D

N
O

TE
:

R
ev

. 1
03

/1
9/

04

C
TO

 0
11

1
2-

14
03

JA
X0

00
8



  Rev. 1 
  03/19/04 

03JAX0008 2-15 CTO 0111 

of the site as indicated on Figure 2-8.  Review of Figure 2-8 shows that groundwater in the surficial 

aquifer is captured by a storm sewer located on the south side of Yorktown Avenue.  The storm sewer is 

a large diameter drain (approximately 5 ft in diameter) that is buried to an approxiamate depth of 8 ft bls. 

 

Hydraulic properties for the surficial aquifer were determined by the USGS via aquifer testing methods 

(slug and pump tests) that were conducted on select monitoring wells (see Appendix G).  This data was 

utilized along with groundwater elevation data to calculate the groundwater flow velocity at Hangar 1000 

using the following formula: 

 

n
L

h2)K(h1−
V =    where 

 

 V = horizontal component of groundwater  

K = hydraulic conductivity 

 h1 and h2 = groundwater elevation at select points 

 L = the horizontal distance between select points 

 n = porosity 

 

Using an average K value of 6 ft per day derived from the pump and slug tests, an average porosity of 

25 percent (0.25), and the gradient between monitoring wells MW-10 and MW-19, the shallow 

groundwater flow velocity was calculated to be approximately 75 ft per year. 
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3.0 PREVIOUS SITE INVESTIGATIONS AND REMEDIAL ACTIONS 

 

The following sections describe the previous investigations and remedial actions performed by Garver 

and Garver, P.A., from June 1988 to 1989; ABB Environmental Services Inc. (ABB-ES) between 

December 1990 and December 1999; Harding Lawson Associates (HLA) between 1998 and 1999; and 

by J. A. Jones Environmental Services (J. A. Jones) in 2000 and 2001.  Due to the complexity and 

numerous field events, the information is summarized for ease of review. 

 

On June 21, 1988, the Florida Department of Environmental Regulation (FDER) (now the FDEP) 

conducted a hazardous waste inspection of the NAS Jacksonville facility.  As a result of the inspection, 

FDER issued Warning Notice Number HW-16-0013 to NAS Jacksonville on July 22, 1988 for alleged 

violations including identification of the solvent/oil-water separator and associated tanks (Tanks A and B) 

as a RCRA regulated unit requiring closure.  To resolve the remaining issues, FDER and 

NAS Jacksonville entered into Consent Order Number 88-0738 on October 4, 1988. 

 

 The consent order required the Navy to: 

 

• Pay enforcement costs. 

 

• Submit a Closure Plan in accordance with USEPA 40 Code of Federal Regulations (CFR) 265.197(a) 

and (b) for the underground tanks at Hangar 1000 by January 4, 1989 (subsequently extended to 

December of 1993). 

 

• Conduct daily inspections of the tanks in accordance with 40 CFR 265.195 until the Certificate of 

Closure is approved. 

 

• Close the tank system and provide post closure care as required for landfills (40 CFR 265.310) if it 

cannot be demonstrated that all contaminated soils can be practically removed or decontaminated 

persuant to 40 CFR 265.197(a). 

 

• Provide the FDER with additional information if needed. 

 

• Publish a public notice of the consent order.   
 

Each of the requirements of the consent order was completed except for the clean closure requirement 

due to the presence of groundwater contamination. 
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3.1 CLOSURE ACTIVITIES 
 
Various site assessment and closure activities were were undertaken in response to the Consent Order.  

These activites included the following: 

 

• Groundwater Monitoring Plan (GWMP), April 1992, ABB-ES. 

• Closure Plan (CP), Revised in December 1992, ABB-ES. 

• Contingency Post Closure Plan (CPCP), December 1992, ABB-ES. 

• Site Assessment Report (SAR), December 1992,  ABB-ES. 

• Health and Environmental Assessment (HEA), December 1992,  ABB-ES. 

• Technical Memorandum, December 1993, ABB-ES. 

• Revised GWMP, HEA, CP, and CPCP; 1993; ABB-ES. 

• Revised GWMP, December 1994, ABB-ES. 

• Closure Activities Summary Report, March 1996, ABB-ES. 

• Quarterly Monitoring Reports; March, July, and August 1995 and January 1996; ABB-ES. 

• Additonal Assessment and Well Installations, 1999, HLA. 

 

3.1.1 Groundwater Monitoring Plans 
 

The GWMP for Hangar 1000 was updated three times during the early to mid 1990s.  The intent of the 

GWMP was to provide plans to complete the groundwater monitoring activites necessary to support the 

risk-based clean closure of the Hangar 1000 tank system.  

 

3.1.2 Closure Plan and Contingency Post Closure Plan 
 

A CP and a CPCP were originally completed by ABB-ES in December of 1992 and then revised in 

December of 1993.  The intent of the CP was to provide a methodology for the closure of the tank system 

through the removal of the wastes, tanks, and pipes; decontamination and abandonment of the washrack 

and manhole; and restoring the site.  The CP incorporated risk-based standards for clean closure of soils 

as developed in the HEA. 

 

The CPCP was prepared to provide guidance and details to execute the contingency plan for the closure 

of the tank system in the event that implementation of the CP failed to result in clean closure or 

risk-based clean closure.   

 

Garver and Garver, P.A., was contracted by the Navy to implement the CP for the tank system.  In 

accordance with that plan, soil samples were collected from around Tanks A and B and analyzed to 

provide data for a clean closure of the tank system.  Garver and Garver, P.A., performed two rounds of 
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sampling in January and May 1990.  The data indicated that soils contained four metal constituents 

(cadmium, chromium, lead, and barium); nine VOC constituents [1,1-DCA, toluene, xylene, 

1,1,1-trichloroethane (TCA), TCE, 1,1-DCE, ethylbenzene, PCE, and trichlorotrifluoroethane]; and two 

semi-volatile constituents [bis(2-ethylhexyl)phthalate and naphthalene].  A summary of historical soil 

sampling data is presented on Table 2-1 in Section 1 of Appendix A.   

 

3.1.3 Site Assessment Report 
 

A SAR prepared by ABB-ES, dated December 1992, documents field investigation activities conducted 

from January 1991 to December 1992.  As part of the field activities at Hangar 1000, ABB-ES installed 

eight temporary piezometers, five soil borings, and four shallow groundwater monitoring wells.  

Additionally, ABB-ES performed groundwater and soil sampling, field screening, aquifer testing, and a 

sampling location survey to fulfill the requirements of the site assessment.  The temporary piezometers, 

soil borings, and monitoring well locations are presented in Figure 2-7, Figure 2-8, and Figure 2-9, 

respectively, in Section 2 of Appendix A. 

 

The results of aquifer testing indicated groundwater flow in the surficial aquifer to the southeast at an 

approximate flow velocity of 105 ft per year in the vicinity of the tank system. 

 

The results of soil analyses indicated general agreement with closure sampling results with three metal 

constituents (chromium, barium, and lead), five VOC constituents (acetone; 1,1,1-TCA; carbon 

tetrachloride; PCE; and 1,1-DCE); and one semi-volatile constituent [bis(2-ethylhexyl)phthalate] detected 

in soils in the vicinity of the tank system. 

 

Two rounds of groundwater analyses were conducted on the four monitoring wells.  In the first round, 

each monitoring well was sampled and analyzed for VOCs (USEPA Method 8240); semivolatile organic 

compounds (SVOCs) (USEPA Method 8270); pesticides (USEPA Method 8240); barium, chromium, 

and  lead (USEPA Method 6010); cadmium (USEPA Method 7131); and hexavalent chromium 

(USEPA Method 7196). 

 

In the second sampling round, groundwater collected from wells MW-1 and MW-4 (the background well) 

were analyzed for USEPA Appendix IX parameters (USEPA Methods 8010, 8020, 8141, 8150, 8280, 

and 6010) in addition to SVOCs and pesticides.  Samples from wells MW-2 and MW-3 were analyzed for 

the same contaminants previously tested (VOCs, SVOCs, pesticides, and metals).   
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Results ranges for the groundwater samples are as follows: 

 

• arsenic [5.5 micrograms per liter (μg/L)] 

• barium (105 μg/L to 199 μg/L) 

• cobalt (2.6 μg/L) 

• copper (6.3 μg/L) 

• total chromium (12.3 μg/L to 26.3 μg/L) 

• lead (6.4 μg/L to 15.6 μg/L) 

• zinc (17.5 μg/L)  

• carbon disulfide (1 μg/L) 

• chloroform (2 μg/L to 14 μg/L) 

• 1,1-DCA (24 μg/L to 51 μg/L) 

• 1,1-DCE (18 μg/L to 63 μg/L) 

• 1,2-DCE (15 μg/L to 57 μg/L) 

• 1,1,1-TCA (76 μg/L to 440 μg/L) 

• TCE (98 μg/L to 370 μg/L)  

• PCE (5 μg/L to 7.0 μg/L) 

• di-n-butylphthalate (1.0 μg/L) 

• bis(2-ethylhexyl)phthalate (2 μg/L to 5.0 μg/L) 

 

3.1.4 Health and Environmental Assessment 
 
ABB-ES conducted an HEA to develop soil and groundwater concentrations for preliminary remedial 

goals based upon risk estimated from potential exposure to contaminants from the tank system at 

Hangar 1000.  The goal of the HEA was to provide an evaluative basis for achieving clean closure or 

risk-based clean closure of the site.  The result of the HEA was the adoption of target soil concentrations 

based on a worker-industrial land use scenario.  The HEA also established target groundwater 

concentrations for nonpotable use, which are in excess of current regulatory standards for groundwater 

imposed at Hangar 1000 [Groundwater Cleanup Target Levels (GCTLs)].  The target soil concentrations 

were used during the tank system closure activities.  Soils in excess of the target concentrations were 

removed and disposed offsite.  Table 3-1 provides the target soil concentrations.   

 

The information provided by the HEA was considered in the development of the HHRA conducted for the 

RI/FS as presented in Section 7.0. 
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Table 3-1

Target Soil Concentrations, Worker-Industrial Land Use

Remedial Investigation/Focused Feasibility Study for Hangar 1000

Naval Air Station Jacksonville

Jacksonville, Florida

CAS Number Chemical Name

Maximum 

Detected Soil 

Concentration 

(mg/kg)

Final Target 

Soil 

Concentration 

(mg/kg)

Target Soil 

Concentration 

Based on 1x10
-6 

Cancer Risk 

(mg/kg)

Target Soil 

Concentration 

Based on Hazard 

Index = 1 (mg/kg)

67-64-1 Acetone 5.2 5,900 5,900

7440-39-3 Barium 22.2 3,000 3,000

71-43-2 Benzene ND 1,600 1,600

117-81-7 bis(2-Ethylhexyl)phthalate 0.955 1,200 3,600 1,200

7440-43-9 Cadmium 25.3 30 30

56-23-5 Carbon tetrachloride 0.018 42 360 42

67-66-3 Chloroform ND 600 2,900 600

18540-29-9 Chromium (as VI) 14.1 300 300

106-44-5 Cresol (as para) ND 300 300

75-34-3 1,1-Dichloroethane 1.85 5,900 5,900

107-06-2 1,2-Dichloroethane ND 490 490

75-35-4 1,1-Dichloroethene 1.883 48 48 530

540-59-0 1,2-Dichloroethene (mixed) ND 530 530

105-67-9 2,4-Dimethylphenol ND 1,200 1,200

84-74-2 Di-N-butyl phthalate ND 5,900 5,900

100-41-4 Ethylbenzene 2.0 5,900 5,900

7439-92-1 Lead 27.0 1500

78-93-3 Methyl ethyl ketone ND 36,000 36,000

75-09-2 Methylene chloride 2.0 3,600 6,700 3,600

91-20-3 Naphthalene 1.04 2,400 2,400

108-95-2 Phenol ND 36,000 36,000

1336-36-3 Polychlorinated biphenyls ND 6.6 6.6

127-18-4 Tetrachloroethene 31.45 600 990 600

108-88-3 Toluene 11.35 12,000 12,000

71-55-6 1,1,1-Trichlorethane 52.0 5,300 5,300

79-01-6 Trichloroethene 6.3 4,600 4,600

76-13-1 Trichlorotrifluoroethane 0.783 1,800,000 1,800,000

75-01-4 Vinyl Chloride ND 24 24

1330-20-7 Xylenes (mixed) 14.75 120,000 120,000

Notes: 1Lower lead cleanup level recommended in Office of Solid Waste and Emergency Response (OSWER) Directive 

             Number 9355.4-02 (USEPA, 1989e).

1x10-6 = one in a million ND = not detected in any of the samples taken at Hangar 1000.

mg/kg = milligrams per kilogram ABB-ES = ABB Environmental Services
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3.1.5 Technical Memorandum 
 

A Technical Memorandum was completed in December of 1993.  The purpose of the memorandum was 

to provide additional assessment information from a push probe survey of soil and groundwater 

conditions conducted in the Keyway to Hangar 1000.  Soil and groundwater sampling was conducted at 

40 locations with all data collected from shallow intervals.  The results of the assessment confirmed prior 

results, which indicated VOC-impacted soil in close proximity to the tank system and VOC impacts to 

shallow groundwater. 

 

3.1.6 Closure Activities Summary Report 
 

ABB-ES prepared a Closure Activities Summary Report in March of 1996.  The report documents the 

removal/abandonment of the tank system and summarizes the results of previous closure activities 

including the HEA and prior assessment results.  The Closure Activities Summary Report is provided as 

Section 4 of Appendix A. 

 

Pertinent findings from the summary report included the following: 

 

• All elements of the tank system have been removed from the site and properly disposed. 

• Soil contamination in excess of the risk-based target concentrations is not present at the site. 

• Groundwater contamination in excess of risk-based target concentrations is present at the site. 

 

3.1.7 Quarterly Monitoring Activities 
 

Based on the results of prior assessment activites, additional monitoring wells were installed at the site 

and incorporated into the site’s monitoring network.  A total of 11 monitoring wells (MW-1 through MW-11) 

were present at the site by the end of 1994.  Of these 11 wells, seven wells (MW-5 through MW-11) were 

sampled in December of 1994, March of 1995, June of 1995, and September of 1995.  The results were 

compared to target groundwater concentrations developed in the HEA. 

 

The results of these analyses showed VOC impacts to shallow groundwater (principally DCE and TCE).  

However, it is noted that the concentrations of constituents were as much as an order of magntiude lower 

for key COPCs (TCE) in well MW-8 than has been observed in more recent data.  Concentration Versus 

Time Charts are provided in Section 5.0 of Appendix A. 
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3.1.8 Additional Assessment and Well Installations 
 

In 1998 and 1999, additional assessment and well installation activities were conducted by HLA.  The 

assessment activities included conducting geoprobe sampling of groundwater and the installation of 

monitoring wells MW-12 through MW-19 and MW-22 at the Hangar 1000 site.  Two additional wells 

(MW-20 and MW-21) were also installed; however, they were installed to address another location and 

not the Hangar 1000 tank system.   

 

The results of the assessment activities indicated that COPCs were present in groundwater at levels 

exceeding GCTLs in the parking lot to the southeast of the Hangar 1000 Keyway area.    The results of 

geoprobe sampling and the locations of the monitoring wells are presented in Section 6 of Appendix A on 

Figure U-3. 

 

3.2 INSTALLATION RESTORATION ACTIVITIES  
 

In the latter part of 1999, the Navy and FDEP entered into negotiations to transfer the cleanup of 

groundwater at Hangar 1000 from the RCRA Program to the CERCLA Program under the oversight of the 

NAS Jacksonville Partnering Team.  As part of these negotiations, the Navy agreed to implement the 

CERCLA cleanup process including completion of an RI/FS.  The Navy agreed to conduct an interim 

action to address VOC contamination in groundwater in the vicinity of monitoring well MW-8, which 

monitors the primary source area for COPCs at Hangar 1000.  In addition, the Navy also agreed to 

continue monitoring groundwater conditions under RCRA in accordance with the facility’s RCRA permit. 

 

Because of these negotiations, the Navy contracted with CH2M Hill to conduct the interim measures, 

which were performed by their subcontractor, J. A. Jones.  The Navy also contracted TtNUS to conduct 

an RI/FS and to conduct RCRA groundwater monitoring. 

 
3.2.1 Interim Measure 
 

In order to address VOC contamination in the source area, J. A. Jones conducted an interim measure 

utilizing chemical oxidation technology.  The interim measure consisted of a multiple chemical oxidation 

injection events to reduce dissolved phase VOCs in groundwater in the source area.  See Appendix A for 

a diagram showing the area treated by chemical oxidation.   

 

To accomplish the interim measure, seven injection points were established, each consisting of two 

injections wells (one completed at 17 ft and the second at 22 ft).  Two vent wells were also installed to a 

depth of 7 ft. The first event conducted on August 31 2001, utilized 250 gallons of iron catalyst and 

200 gallons of 25 percent hydrogen peroxide.  Initial post injection monitoring results showed a 
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98 percent reduction in total VOCs; however, constituents concentrations later rebounded.  See 

Appendix A for locations of wells showing a temporary 98 percent reduction in total VOCs. 

 

Additional injection events were conducted on October 16, 2000 and May 1, 2001.  Following each event, 

sampling was conducted to evaluate the effectiveness of the interim measure.  In both cases, constituent 

concentrations rebounded indicating that additional source(s) of the contamination still exist in the 

subsurface. 

   
3.2.2 Site Characterization and Analysis 
 

J. A. Jones conducted additional site characterization activities to investigate the cause(s) of the 

observed constituent rebound and to provide additional information for the evaluation of a bimetallic 

nano-particle pilot test for the site.  The site characterization included the use of membrane interface 

probe (MIP) technology to further define the source area, the sampling of existing monitoring wells to 

provide baseline conditions, and the collection of soil samples from the source area.  One objective of the 

study was to identify the potential occurrence of DNAPL at the site.  A detailed presentation of the site 

characterization and analysis effort is provided as Section 7 of Appendix A. 

 

The results of the characterization were as follows: 

 

• MIP and VOC analytical data indicates that the contaminant source area does not extend upgradient 

from the historical tank location. 

 

• The vertical extent of dissolved groundwater contamination was verified to be at approximately 24 to 

26 ft bls, which corresponds to the top of the sandy clay unit. 

 

• Elevated dissolved phase concentrations of VOCs extending beyond the source area under the 

Hangar 1000 structure. 

 

• VOC analytical data collected from soil samples at location H1000-06 indicate a possible DNAPL 

source may remain in the historical tank location at a depth of approximately 10 to 14 ft bls and 20 to 

24 ft bls. 
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3.2.3 RCRA Monitoring 

 

TtNUS has implemented RCRA monitoring at Hangar 1000 in accordance with the facility’s RCRA permit. 

Sampling has been conducted on a semi-annual basis beginning in 2000.   

 

Based on the results of prior Appendix IX sampling, FDEP developed a list of parameters at Hangar 1000 

for RCRA monitoring purposes.  The parameters listed in the facility’s RCRA Permit 

Number HF16-288092 dated January 17, 2000, are provided in Table 3-2.  These parameters were 

adopted by the NAS Jacksonville Partnering Team as COPCs for the RI/FS activities.  It should be noted 

that Groundwater Protection Standards (GWPS) are provided in the facility’s RCRA permit for the 

COPCs.  The GWPS values are equivalent to Florida GCTLs. 
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Table 3-2 
Constituents and Standards

 1
 - Hangar 1000 

 

Remedial Investigation/Focused Feasibility Study for Hangar 1000 
Naval Air Station Jacksonville 

Jacksonville, Florida 
 

VOCs SVOCs 

Parameter 
Regulatory 
Limit (μg/L) 

Parameter 
Regulatory 
Limit (μg/L) 

Acetone 700 Acenaphthene 20 

Benzene 1 Benzo(a)anthracene 0.2 

n-Butanol  700 Benzo(a)pyrene 0.2 

Carbon Disulfide 700 Benzo(b)fluoranthene 0.2 

Carbon Tetrachloride 3 Benzo(k)fluoranthene 0.5 

Chlorobenzene 100 Carbazole 4 

Cyclohexanone 35,000 2-Chlorophenol 35 

1,1-DCA 70 Chrysene 4.8 

1,2-DCA 3 Dibenz(a,h)anthracene 0.2 

1,1-DCE 7 2,4-Dinitrotoluene 
3
 0.2 

1,2-DCE (total) 63 Indeno(1,2,3-cd)pyrene 0.2 

Ethylbenzene 700 2-Methylphenol 35 

Isobutanol 2,100 3-Methylphenol 35 

Methanol 5,000 4-Methylphenol 4 

Methylene Chloride 5 Naphthalene 20 

2-Nitropropane PQL
 2

 4-Nitrophenol 56 

PCA 3 N-nitroso-di-n-propylamine 4 

Toluene 40 Pentachlorophenol 
3
 1 

1,1,1-TCA 200 Phenol 10 

1,1,2-TCA 5 Pyridine 7 

TCE 3 Metals 

1,1,1-Trichloro-1,2,2,-Trifluoroethane PQL 
2
 Parameter 

Regulatory 
Limit (μg/L) 

Xylenes 20 Chromium, Total 100 

Vinyl Chloride 1 Cadmium 5 

Notes: 
1
 As listed in Table 1 of Chapter 62-785, Florida Administrative Code (FAC).  

2
 Neither 2-Nitropropane nor 1,1,1-Trichloro-1,2,2-Trifluoroethane has a groundwater standard listed in Chapter 62-785,  

  FAC.  The Practical Quantitation Limit (PQL) for each parameter will, therefore, serve as the standard. 
3
 Lowest attainable method detection limit using USEPA Method 8270 will be accepted in lieu of Method 8270 Single  

  Ion Monitoring. 
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4.0 RI/FS FIELD PROGRAM  
  

 
4.1 OBJECTIVE AND APPROACH 
 
The RI/FS field activities were conducted at Hangar 1000 between December 4, 2000, and 

February 2001.  Planning for the RI included a review of the data quality objectives (DQOs) needed to 

complete the RI/FS.  Review of the existing data available for Hangar 1000 revealed that considerable 

data was available regarding the source area; however, additional data was needed to complete definition 

of the extent of groundwater contamination.  As a result, the NAS Jacksonville Partnering Team agreed 

that the RI activities would focus on completing the horizontal definition of groundwater contamination.  

To accomplish this, members of the NAS Jacksonville Partnering Team created the scope of work 

implemented by TtNUS.  The scope of work involved the following approach: 

 

• DPT Survey: Conduct a screening survey of groundwater conditions at the downgradient end of the 

contaminant plume using DPT techniques.  Collect groundwater samples from the shallow unit at 

multiple depths (shallow, mid-point, and deep intervals) in the downgradient area of the plume to 

evaluate the horizontal and vertical extent of impact.  The DPT samples were analyzed by a mobile 

laboratory and provided same day analytical results.  The screening results were used to field locate 

additional sample locations, and monitoring well locations.  Water samples were collected from the 

upper 5 ft of the water table, at approximately 20 ft bls and 26 to 30 ft bls, which includes the sandy 

clay layer immediately above the clay unit.  Sample depths were field adjusted based on site 

conditions.  A map showing the DPT sample locations is provided as Figure 4-1. 

 

• Monitoring Well Installation: Based on the results of the screening survey, monitoring wells were 

designed and installed downgradient of the source area.  Four “micro" wells (MW-22 through MW-25) 

were installed by DPT techniques.  A 2-inch monitoring well cluster [one shallow zone (approximately 

15 ft) and one deep zone (approximately 30 ft)] was installed at a downgradient location to provide 

information regarding the extent of COPCs in groundwater.  The design of the deep zone well was 

based on the results of depth profiling information obtained via DPT methods.  Monitoring well 

locations are provided on Figure 4-2. 

 

• Sampling of Newly Installed and Existing Wells: All new and existing wells were developed, purged, 

and sampled. 

  

• Storm Sewer and Surface Water Sampling: Three locations were sampled in June 2001 and analyzed 

for USEPA target compound list (TCL) constituents.  The location of the storm sewer is provided on 

Figure 4-3.  Two samples were collected from the storm sewer.  A third sample was collected from
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the drainage ditch at the out-fall of the storm sewer.  In addition,  one surface water sample was 

collected during the RI field activities from the drainage ditch south of Yorktown Avenue and analyzed 

for VOCs by an onsite mobile laboratory.  

 

• Aquifer Testing: Aquifer testing was performed at Hangar 1000.  The testing was performed by 

Hal Davis of the USGS.  The results of the aquifer testing are summarized in this section.  

 

The following sections describe the field activities that took place during the RI investigation. 

 

4.1.1 Direct Push Technology Survey 
 

Groundwater samples were collected via DPT techniques to establish COPC concentrations at shallow, 

mid, and deep zones within the shallow unit of the surficial aquifer.   To accomplish this, DPT rods were 

advanced to the bottom of the sandy clay unit and water samples were obtained from the deep zone.  

The rods were withdrawn to the mid zone and then the shallow zone for sampling.  DPT rods were 

purged in between each zone to mitigate the potential for cross contamination between the zones. 

 

Soil sampling was not performed during the DPT survey. 

 

TtNUS presented the results of the DPT survey to the Navy, FDEP, and USEPA via teleconference at the 

conclusion of the DPT effort.  Based on this discussion of results, the following was agreed to by 

consensus:  

 

• 

• 

• 

MW-10 would be used as the upgradient well. 

The design and locations of monitoring wells MW-23 through MW-27. 

The installation of an additional shallow zone well would be nested with the downgradient well 

screening the shallow and deep intervals of the surficial aquifer. 

 

4.1.2 Direct Push Technology Well Installation 
 
Four DPT “micro” monitoring wells were installed, each to an approximate depth of 15 ft bls.  These wells 

were installed at locations established based on the results of the DPT survey to define the areal extent of 

groundwater contamination at the site.  No soil sampling was performed during the installation of the DPT 

monitoring wells.  Survey data for the new and previous monitoring well locations are provided in 

Appendix B.  Monitoring well installation documentation is provided in Appendix C.  
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4.1.3 Two-inch Monitoring Well Installation and Development 
 
Two-inch polyvinyl chloride monitoring wells were installed via hollow stem auger techniques at well 

locations MW-26 and MW-27.  The micro and 2-inch monitoring wells were developed using peristaltic 

pumps (micro wells) and submersible pumps (2-inch wells) within 24 hours of well installation.  

 

The wells were developed until the following criteria were achieved: 

 

• Stabilization of the following parameters occurred: 

− Temperature plus or minus 1 degree Celsius (°C). 

− pH plus or minus 1 unit. 

− Electrical conductivity plus or minus 5 percent of scale. 

• Turbidity remained within a 10 Nephelometric Turbidity Unit range for two consecutive readings. 

• Accumulated sediment was removed from the well. 

 

4.1.4 Groundwater Level Measurements 
 

After well installation and development, multiple rounds of synoptic groundwater level measurements 

were collected at Hangar 1000.  The measurements were collected in order to determine the depth, flow 

direction, and gradient of groundwater.  Groundwater level measurements for the most recent event 

(July 2002) are summarized in Table 4-1.  A groundwater elevation contour map is provided on 

Figure 2-8. 

 
4.1.5 Groundwater Sampling 
    
Groundwater sampling at Hangar 1000 took place on December 14, 2000, for the newly installed wells 

and on January 16 through 19, 2001, for the existing monitoring wells.  The purpose of the sampling was 

to define the areal and vertical extent of groundwater contamination and collect data for evaluation of NA.  

Groundwater samples were collected from 19 existing and 5 newly installed monitoring wells using 

low-flow purging and sampling techniques and were analyzed for the COPC parameters utilizing the 

following methods: VOCs (USEPA Method 8260B), alcohols (USEPA Method 8015B), SVOCs 

(USEPA Method 8270C), polynuclear aromatic hydrocarbons (PAHs) (USEPA Method 8310), and metals 

(Cd and Cr) (USEPA Method 6010B).  The groundwater analytical results are discussed in Section 5.0. 

 

For the purposes of the RI, the NAS Jacksonville Partnering Team adopted the same COCs identified in 

the Facility's RCRA permit in force at the time of the sampling event.  The development of the COC list in 

the RCRA permit was based on the FDEP's review of the historical data, and the review of materials 

utilized at Hangar 1000 and the nearby T-56 engine wash area.  Arsenic, barium, cobalt, copper, and lead 

results from the Appendix IX analyses are below basewide screening values and, therefore, were not 
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Table 4-1

Water Table Elevation and Monitoring Well Construction Data

Naval Air Station Jacksonville

Jacksonville, Florida

Depth to Water 

below Top of 

Casing (ft)

Water Elevation    

(ft) msl

MW-01 13.85 16.32 6.57 9.75

MW-02 13.75 16.19 6.55 9.64

MW-03 13.89 16.40 6.96 9.44

MW-05 13.10 16.93 7.53 9.40

MW-06 12.70 16.96 7.48 9.48

MW-07 13.39 16.93 7.29 9.64

MW-08 13.00 16.46 6.78 9.68

MW-08D 58.00 17.87 7.9 9.97

MW-09 39.58 16.21 6.80 9.41

MW-10 12.40 16.37 6.47 9.90

MW-11 33.90 16.35 0.00* *

MW-12 14.53 17.01 7.81 9.20

MW-13 14.31 16.56 7.27 9.29

MW-14 16.08 16.35 7.34 9.01

MW-15 15.60 15.67 6.60 9.07

MW-16 20.15 14.14 5.72 8.42

MW-17 11.60 14.13 5.89 8.24

MW-18 11.69 14.17 0.00* *

MW-19 11.59 14.24 7.41 6.83

MW-22 20.50 14.48 5.33 9.15

MW-23 15.00 12.62 6.66 5.96

MW-24 14.50 17.01 7.97 9.04

MW-25 11.00 16.38 7.21 9.17

MW-26 25.00 9.50 3.23 6.27

MW-27 14.00 9.70 3.11 6.59
Notes:

*Because this is a suspect data point, it was not used in the construction of the groundwater flow direction.

msl = Mean Sea Level

Remedial Investigation/Focused Feasibility Study for Hangar 1000

Well Number
Total Well Depth 

(ft, bls)

Top of Casing 

Elevation       

(ft) msl

July 9, 2002
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retained as COPCs.  Cadmium and chromium were retained since they were identified as potential 

contaminants.   

 

Field forms are provided in Appendix D.  The validated laboratory data packages and Form I’s are 

provided in Appendix E. 

 

Groundwater samples were also tested for NA evaluation purposes.  The parameters analyzed in the field 

include carbon dioxide, dissolved oxygen (DO), dissolved inorganic carbon as alkalinity, ferrous iron, 

hydrogen sulfide, sulfide, oxidation-reduction potential (ORP), pH, specific conductivity, and temperature.  

The NA parameters analyzed in the laboratory include dissolved sulfide, methane, ethane, ethene, and 

anions (sulfite, chloride,and nitrate).  NA is discussed further in Section 5.0 of this report.  

  

The validated laboratory data packages for NA analyses are also provided in Appendix E.  The field 

analytical log sheets for NA parameters are provided in Appendix F. 

 

4.1.6 Aquifer Testing  
 

On February 14 and 15, 2001, TtNUS and Hal Davis, a representative from the USGS, conducted aquifer 

testing on selected wells at Hangar 1000.  The results of the aquifer test are provided in Appendix G and 

are summarized in Section 6.0  

 

4.1.7 Storm Sewer and Surface Water Sampling 
 

On June 21, 2002, TtNUS, under the direction of the NAS Jacksonville Partnering Team, collected three 

water samples from the storm sewer and drainage ditch located south of Hangar 1000 (Figure 4-3).  The 

samples were collected by submerging a pre-cleaned beaker into the water and then transferring the 

samples into pre-cleaned bottleware supplied by the laboratory.  After sample collection, the samples 

were place on ice and shipped to the laboratory via Federal Express for VOC analysis. 

 

One surface water sample was collected in December of 2002 from the stormwater drainage ditch south 

of Yorktown Avenue.  The sample was collected and hand delivered to an onsite mobile laboratory for 

VOC analysis.        
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5.0 NATURE AND EXTENT OF CONTAMINATION 

 
 

This section summarizes and evaluates results of the sampling activities supporting the RI as described 

in Sections 3.0 and 4.0.  Specifically, this section summarizes the nature and extent of impact to 

groundwater as required by project DQOs.  The validated laboratory data packages are presented in 

Appendix E and the Form I’s (analytical summary sheets) from the laboratory are presented in 

Appendix F.  In addition, the TtNUS sample locations are presented in the previous section on 

Figures 4-1, 4-2, and 4-3. 

 

The quality of the chemical analytical data collected during the investigation of Hangar 1000 has been 

documented.  The analytical data validation process was completed for all laboratory data packages in 

accordance with the USEPA Functional Guidelines for Organic Data Validation (February 1994) and the 

USEPA Functional Guidelines for Inorganic Data Validation (February 1994).  The data set compiled 

using these guidelines is considered acceptable for use in this RI and to support an FS.  

 

Discussion of the nature and extent of contamination at Hangar 1000 is structured according to the 

USEPA RI/FS guidance.  Sources of contamination are discussed first.  Sampled media are then 

discussed.  Within the media discussion, analytical fractions are discussed in the following order: VOCs, 

SVOCs, alcohols, PAHs, and inorganics. Following the evaluation of each analytical fraction for a 

particular medium, a summary of relevant results and findings is presented. 

 

5.1 SOURCES OF CONTAMINATION 

 

Sources of contamination at Hangar 1000 include two USTs (Tank A and Tank B), which previously 

received waste solvents and other substances from a washrack, drain lines, and other shop operations.  

The following paragraphs present a brief description of each identified source of contamination and the 

reported releases to the environment. 

 

5.1.1 Tank A 

 

Tank A was a 750-gallon solvent and water separator constructed of concrete.  Tank A consisted of two 

concrete chambers interconnected with a cast iron pipe (underflow).  Overflow from the first chamber 

discharged through a metal, 4-inch diameter pipe to Tank B.  Overflow from the second chamber of 

Tank A discharged through a 4-inch diameter pipe to the nearby storm sewer system.  The location of 

Tank A and Tank B are provided on Figure 2-4.  Construction details of Tank A are provided in 

03JAX0008 5-1 CTO 0111 
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Appendix A, Section 3.  Based on historical sampling data, the primary source for impacts to groundwater 

originate at the location of the former Tank A. 

 

5.1.2 Tank B 

 

Tank B was a 2,000-gallon steel UST.  Tank B received the waste solvent overflow from Tank A, as 

described above, plus other waste oils and solvents discharged directly from shop drains inside 

Hangar 1000.  A review of available figures indicates that a total of 11 floor drains discharged to Tank B.  

 

Tanks A and B, associated piping, and visually contaminated soils were excavated and removed in 

March 1994.  Confirmatory soil sample analyses from the excavation indicated that no soil contamination 

exceeded site specific industrial exposure risk-based standards remained in the excavation.  The floor 

drains and their associated pipes were abandoned in-place. 

 

5.2 REGULATORY SCREENING CRITERIA 

 

The NAS Jacksonville Partnering Team determined that FDEP GCTLs would be adopted as applicable or 

relevant and appropriate requirements for the RI sampling activities at Hangar 1000.  The groundwater 

results were compared to the FDEP GCTL standards for the RI sampling event.   No soil thresholds were 

established for the RI since impacted soils above previously established target concentration levels have 

been removed from the site. 

 

5.3 CONTAMINATION ASSESSMENT 

 

This section discusses the data collected during the field investigation performed in support of the RI/FS.  

 

5.3.1 DPT Investigation – Groundwater Sampling 

 

Between December 4, 2001, and December 8, 2001, a screening survey was conducted using DPT 

techniques.  Groundwater samples were collected from the shallow unit of the surficial aquifer at multiple 

depths (shallow, mid, and deep intervals) in the downgradient area of the plume to evaluate the horizontal 

and vertical extent of impact.  The DPT samples were analyzed by a mobile laboratory for VOC 

compounds via modified USEPA Method 8260.  The DPT sampling locations are shown on Figure 4-1.  

Storm sewer sampling locations and surface water sampling locations are shown on Figure 4-3, and an 

east-west profile of B-B’ and C-C’ showing contaminant concentrations at the DPT locations is presented 

on Figure 5-1.  RI screening results are presented on Table 5-1. 

03JAX0008 5-2 CTO 0111 
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A review of Figure 5-1 shows that the downgradient end of the plume is dominated by VOC constituents 

including 1,1-DCA; 1,1-DCE; 1,2-DCE; and TCE.  The highest levels of the constituents near the 

downgradient end of the plume are found in the upper interval of the shallow unit; however, constituents 

were detected in middle and deep intervals of the shallow unit at levels exceeding GCTLs. 

 

5.3.2 Groundwater Sampling – Monitoring wells  

 

To further define the horizontal and vertical extent of impacts to the groundwater, TtNUS sampled 

groundwater at 24 locations across Hangar 1000.  With the exception of well MW-8D, which encounters 

the second sand unit at the site, the Hangar 1000 wells sampled were all screened in the shallow unit of 

the surficial aquifer.  These wells were completed to varying depths to provide information regarding the 

vertical extent of impact to groundwater.  

 

Each of the monitoring wells were sampled and analyzed for COPCs including VOCs, SVOCs, PAHs, and 

target analyte list (TAL) metals (cadmium and chromium).  The samples were also tested for NA 

parameters as follows: methane, ethane, ethene, and anions (nitrate, nitrite, chloride, and sulfate).  The 

analytical results are provided below and are grouped by analytical fraction.  TtNUS’ interpretation is also 

included below.  Table 5-2 presents a summary of the detected constituents in the groundwater samples 

analyzed.  Figure 5-2 graphically represents the organic constituents that exceeded GCTLs.  Figure 5-3 

provides information regarding the vertical extent of constituents in the center of the plume along cross 

section line A-A. 

 

5.3.2.1 VOCs 

 

Nine VOCs (benzene; 1,1-DCA; 1,1-DCE; 1,2-DCA; 1,2-DCE; 1,1,1-TCA; PCE; TCE; and vinyl chloride) 

were detected in excess of GCTLs in the groundwater samples from Hangar 1000.  Table 5-2 presents a 

summary of the COPCs detected in the groundwater samples analyzed.  Each of the detected analytes is 

discussed below. 

 

Benzene was detected at its GCTL (1 �g/L) in one of the 24 groundwater samples collected from 

Hangar 1000.  Benzene was detected in a groundwater sample from shallow monitoring well MW-27 at 

1.0 �g/L.  Benzene was not detected in excess of its GCTL of 1 �g/L in any of the other samples collected 

at Hangar 1000.  The detection of benzene in well MW-27 is not considered to be related to Hangar 1000. 

 

03JAX0008 5-8 CTO 0111 
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1,1-DCA was detected in excess of its GCTL of 70 �g/L in six samples ranging in concentration from 

111 �g/L to 627 �g/L.  The highest concentration was detected in well MW-22 near the midpoint of the 

contaminant plume at a concentration of 627 �g/L.  

 

1,1-DCE was detected in excess of its GCTL of 7��g/L in nine samples ranging in concentration from 

19.6 �g/L to 1500 �g/L.  The highest concentration was detected in well MW-8 at the source area at a 

concentration of 1500 �g/L.  

 

1,2-DCA was detected in excess of its GCTL of 3 �g/L in one of the samples collected from Hangar 1000. 

1,2-DCA was detected in a groundwater sample from well MW-22 at a concentration of 9.4 �g/L.  

 

1,2-DCE was detected in excess of its GCTL of 63 �g/L in three samples ranging in concentration from 

65.2 �g/L to 2780 �g/L.   Source area monitoring well MW-8 had the highest concentration of 1,2-DCE at 

2780 �g/L.  

 

1,1,1-TCA was detected in excess of its GCTL of 200 �g/L in one of the samples collected from 

Hangar 1000. 1,1,1-TCA was detected in a groundwater sample from source area well MW-8 at a 

concentration of 7330 �g/L.  

 

PCE was detected at or above its GCTL of 3 �g/L in six samples ranging in concentration from 3 �g/L to 

33.7 �g/L.  The highest concentration was detected in MW-13 at a concentration of 33.7 �g/L.  

 

TCE was detected in excess of its GCTL of 3 �g/L in 15 samples ranging in concentration from 3.1 �g/L 

to 8710 �g/L.  The highest concentration was detected in source area well MW-8 at a concentration of 

8710 �g/L.  

 

Vinyl chloride was detected in excess of its GCTL of 1 �g/L in four samples ranging in concentration from 

1.4 �g/L to 15.9 �g/L.  The highest concentration was detected in MW-3 at a concentration of 15.9 �g/L. 

 

Other VOCs detected in monitoring wells at Hangar 1000 included acetone; ethylbenzene; Freon 113; 

1,1,2-TCA; toluene; and xylenes (total).  None of these chemicals were detected at concentrations 

exceeding GCTLs.   
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5.3.2.2 SVOCs 

 

Only one SVOC was detected above its respective GCTL from a single groundwater sample collected 

from source well MW-8.  3&4-Methylphenol was detected above its respective GCTL of 4 �g/L at a 

concentration of 5.2 �g/L. 

 

5.3.2.3 PAHs 

 

A single PAH constituent was detected in groundwater samples obtained from two of the 24 monitoring 

wells.  Naphthalene was detected in well MW-8 at 2 �g/L and well MW-26 at 2.6 �g/L, below the GCTL of 

20 �g/L.  

 

5.3.2.4 Inorganics 

 

One inorganic parameter, chromium was detected in one well (MW-8D) below the GCTL of 100 �g/L.  

There were no other inorganic detections in the groundwater samples collected from Hangar 1000 during 

the RI sampling activities. 

 

5.3.3 Interpretation of COPC Groundwater Data 

 

In general, VOCs are the dominant COPCs in groundwater at Hangar 1000 and are mostly derived from 

chlorinated solvents.  SVOC, PAH, and metal analyses indicated only one constituent (methylphenol) 

exceeding its respective GCTL at one location. 

 

Impact to groundwater is limited to the shallow unit of the surficial aquifer beneath Hangar 1000.  

Groundwater collected from the intermediate aquifer contained no detectable constituents.  The lateral 

extent of groundwater contamination has been defined at the storm sewer, which parallels Yorktown 

Avenue.  The storm sewer serves as the primary receptor to groundwater from Hangar 1000.  Samples 

collected to the south of the storm sewer were all non-detect, with the exception of benzene detected in 

well MW-27.  Since benzene was not detected in other site wells and the location of well MW-27 places it 

outside of the flow boundary for Hangar 1000, the benzene detected is not believed to be related to 

Hangar 1000. 

 

The concentrations of VOCs in the source area suggest that a continuing source is present and is likely to 

be remnant DNAPL located near the former Tank A location.   Recent studies conducted by J. A. Jones 

suggest that DNAPL may be present in soils at 10-14 ft bls and 20-24 ft bls beneath the former Tank A 

location. 
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Nine VOCs (benzene; 1,1-DCA; 1,1-DCE; 1,2-DCA; 1,2-DCE; 1,1,1-TCA; PCE; TCE; and vinyl chloride) 

exceeded their respective FDEP GCTLs.  Wells with the greatest number and concentrations of 

constituents are source area well MW-8 and plume mid-point well MW-22.  In general, the highest 

concentrations of VOCs are encountered in the shallow interval of the shallow unit; however, this is not 

always the case.  The lower intervals of the shallow unit have been impacted and, in the center of the 

plume, the greatest concentrations of VOCs are found in a mid-point interval well (MW-22). 

 

The constituents with the most consistent detection are TCE; 1,1-DCE; and 1,2-DCE.  The distribution of 

these constituents in the shallow unit of the surficial aquifer at Hangar 1000 is provided in Figures 5-4, 

5-5, and 5-6, respectively.  These figures were created utilizing maximum concentrations of constituents 

from both the DPT survey and from the sampling of monitoring wells at the site and are contoured to their 

respective GCTL values.  Review of these figures show the source area for the constituents is located in 

the vicinity of well MW-8, which corresponds to the former Tank A location.  The plume is relatively 

narrow, averaging approximately 100 ft across and approximately 450 ft long.  The plume trends to the 

southeast in the direction of groundwater flow. 

 

Review of the data also shows that constituent ratios change in the down gradient direction from the 

source area.  Source area contaminants include 1,1,1-TCA; 1,2-DCA; TCE; 1,1-DCE; and 1,2-DCE as 

primary contaminants.  The most commonly detected contaminant at the site is TCE, detected in 15 of the 

27 wells above its GCTL of 3 �g/L.  The maximum TCE concentration of 8,710 μg/L was detected in the 

source area well.  The second highest TCE concentration of 1,610 �g/L was detected in well MW-22 

located near the center of the plume.      

 

An abiotic breakdown product of 1,1,1-TCA, 1,1-DCE is also commonly encountered exceeding GCTLs in 

nine wells.  The ratio of TCA to 1,1-DCE changes from approximately 4.9 to 1 in the source area well to 1 

to 25 or greater near the center of the plume.  1,1,1-TCA was not detected in downgradient well MW-19; 

however, the well contained 110 �g/L of 1,1-DCE.  This distribution of 1,1,1-TCA to 1,1-DCE may be 

indicative of the breakdown of 1,1,1-TCA into 1,1-DCE during transport. 

 

1,2-DCE is an abiotic breakdown product of TCE.  The ratio of TCE to 1,2-DCE changes from 2.63 to 1 in 

the source area well to values ranging from 1 to 1.59 (MW-14) near the mid-point of the plume.  At well 

MW-19 and the downgradient well MW-22, the ratio reverses to slightly greater than 1 part TCE to 1 part 

1,2-DCE.  The relative increase in 1,2-DCE concentrations also is indicative of the breakdown of TCE 

during transport. 
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Vinyl chloride, a breakdown product of 1,1-DCE and 1,2-DCE is encountered in four monitoring wells 

above the GCTL value of 1 �g/L.  The presence of vinyl chloride is also evidence of contaminant 

degradation. 

 

Monitoring well MW-22, located near the center of the plume, generally contains the second most and 

second highest concentrations of contaminants at the site.   Since there are no know secondary sources 

at the site, it is possible that this is best explained by the nature of the releases that may have been 

episodic resulting in “slugs” of contamination entering the subsurface.   

 

The downgradient end of the plume has reached the storm sewer, which prevents further movement to 

the southeast.  The lack of COPCs in the downgradient direction beyond the sewer indicates the sewer 

serves as the first order receptor for impacted groundwater originating at Hangar 1000. 

 

5.4 NATURAL ATTENUATION ANALYSIS 

 

A suite of NA parameters were measured in the field and in the laboratory during the RI field sampling 

effort to determine the most likely pathway for any NA to be occurring.  Field parameter measurements 

are presented for the January 2001 sampling event on Table 5-3 and include DO, alkalinity, dissolved 

carbon dioxide, ferrous iron, hydrogen sulfide, pH, ORP, temperature, and specific conductivity.  

Fixed-base laboratory NA analytical results for the January 2001 sampling event are presented on 

Table 5-4.  The January sampling event includes nitrogen species (nitrate/nitrite/ ammonia/total Kjeldahl 

nitrogen), chloride, dissolved sulfide, sulfate, dissolved iron, total organic carbon, and 

methane/ethane/ethene.   

5.4.1 Natural Attenuation Data Analysis – Hangar 1000 

 

The following is a parameter by parameter discussion of natural attenuation data collected during the 

January 2001 event. 

 

5.4.1.1 Dissolved Oxygen 

 

Geochemical measurements of DO were made using dual-range vacuum ampoules (CHEMetrics K-7501 

and K-7512).  DO acts as a primary substrate or co-substrate during the initial stages of metabolism and 

is the single most efficient electron acceptor responsible for the biodegradation of natural or 

anthropogenic organic carbon.  However, for highly chlorinated hydrocarbons, anaerobic pathways 

(e.g., reductive dechlorination) are more efficient than aerobic pathways.  If DO concentrations are 

greater than approximately 0.5 to 1.0 milligrams per liter (mg/L), anaerobic bacteria may not exist and 

03JAX0008 5-20 CTO 0111 



T
a
b

le
 5

-3

F
ie

ld
 M

e
a
s
u

re
m

e
n

ts

R
e
m

e
d
ia

l 
In

v
e
s
ti
g
a
ti
io

n
/F

o
c
u
s
e
d
 F

e
a
s
ib

ili
ty

 S
tu

d
y
 f
o
r 

H
a
n
g
a
r 

1
0
0
0

N
a
v
a
l 
A

ir
 S

ta
ti
o
n
 J

a
c
k
s
o
n
v
ill

e

J
a
c
k
s
o
n
v
ill

e
, 
F

lo
ri
d
a J
a
n
u
a
ry

 1
7
-1

9
, 

2
0
0

1

M
W

-0
1

M
W

-0
2

M
W

-0
3

M
W

-0
5

M
W

-0
6

M
W

-0
7

M
W

-0
8

M
W

-0
9

M
W

-1
0

M
W

-1
1

p
H

S
.U

.
6
.2

5
5
.7

8
5
.4

9
5
.6

4
5
.7

9
5
.9

2
6

.4
7

7
.3

9
5

.8
8

7
.2

6

S
p
e
c
if
ic

 C
o

n
d
u
c
ti
v
it
y

m
S

/m
4
0
.1

1
1
.7

1
4
.8

1
5
.9

2
4
.4

2
7
.6

7
9

.2
5

7
.3

1
9

.1
5

0
.2

T
e
m

p
e
ra

tu
re

o
C

2
3
.3

2
2
.4

2
4
.9

2
3
.6

2
2
.5

2
4
.5

1
9

.9
2

4
.0

2
2

.6
2

3
.8

T
u
rb

id
it
y

N
T

U
-1

0
-1

0
-1

0
2

-1
0

-1
0

6
-1

0
7

2
1

D
O

m
g
/L

>
1
2

1
.0

0
.7

1
.0

1
.5

1
.0

>
1

2
2

.0
1

.0
1

.0

O
R

P
m

V
1
4
8

8
1

9
9

4
5

6
1

7
2

1
6

7
-8

5
9

8
-1

0
3

F
e
rr

o
u
s
 I
ro

n
m

g
/L

0
.2

1
.8

7
>

3
.3

0
1
.5

7
0
.5

5
0
.1

7
0

.0
0

.0
6

0
.7

4
0

.2
3

S
u
lf
id

e
m

g
/L

0
.0

0
0
.0

4
0
.0

0
0
.0

0
0
.0

0
0
.0

0
0

.0
0

0
.0

2
0

.0
3

0
.0

3

H
y
d
ro

g
e
n
 S

u
lf
id

e
m

g
/L

0
.2

0
.0

0
.0

0
.1

0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

A
lk

a
lin

it
y

m
g
/L

1
0
0

2
5

1
0

2
8

3
5

3
8

1
7

0
2

5
0

4
0

1
8

5

C
a
rb

o
n
 D

io
x
id

e
m

g
/L

7
0

4
0

9
0

3
5

2
5

3
0

6
0

1
1

4
5

1
4

J
a
n
u
a
ry

 1
7
-1

9
, 

2
0
0
1

M
W

-1
2

M
W

-1
3

M
W

-1
4

M
W

-1
5

M
W

-1
6

M
W

-1
7

M
W

-1
8

M
W

-1
9

M
W

-2
2

p
H

S
.U

.
5
.5

9
5
.8

0
5
.6

3
5
.3

0
5
.0

4
6
.1

2
5

.9
0

5
.1

8
5

.9
5

S
p
e
c
if
ic

 C
o

n
d
u
c
ti
v
it
y

m
S

/m
2
2
.2

2
6
.2

1
6
.7

1
5
.8

1
0
.7

1
9
.9

2
7

.7
1

4
.7

2
7

.2

T
e
m

p
e
ra

tu
re

o
C

2
4
.4

2
5
.3

2
3
.8

2
2
.6

2
2
.9

2
4
.5

2
2

.0
2

2
.5

2
5

.1

T
u
rb

id
it
y

N
T

U
-1

-1
0

-1
0

1
-1

0
-1

0
3

-1
0

-1
0

D
O

m
g
/L

0
.8

1
.0

0
.7

0
.8

1
.0

0
.5

0
.8

1
.0

0
.4

O
R

P
m

V
-4

6
1
1
5

-1
1
6

-7
0

-1
0

-4
3

9
8

2
0

-1
8

2

F
e
rr

o
u
s
 I
ro

n
m

g
/L

2
.5

7
0
.3

6
>

3
.3

0
2
.1

6
3
.1

6
3
.2

7
0

.1
2

>
3

.3
0

>
3

.3
0

S
u
lf
id

e
m

g
/L

0
.0

4
0
.0

0
0
.6

0
0
.5

1
0
.0

0
0
.1

2
0

.0
0

0
.3

1
>

0
.8

0

H
y
d
ro

g
e
n
 S

u
lf
id

e
m

g
/L

0
.7

0
.0

2
.0

5
.0

0
.0

0
.3

0
.0

2
.0

2
.0

A
lk

a
lin

it
y

m
g
/L

1
7

6
0

2
0

N
R

N
R

7
0

5
0

N
R

4
0

C
a
rb

o
n
 D

io
x
id

e
m

g
/L

4
0

8
5

4
0

4
0

4
5

3
0

3
5

4
0

6
0

S
e

e
 n

o
te

s
 a

t 
e

n
d

 o
f 

ta
b

le
.

U
n

it
s

P
a
ra

m
e
te

rs
U

n
it

s

P
a
ra

m
e
te

rs



T
a
b

le
 5

-3
 (

C
o

n
ti

n
u

e
d

)

F
ie

ld
 M

e
a
s
u

re
m

e
n

ts

R
e
m

e
d
ia

l 
In

v
e
s
ti
g
a
ti
io

n
/F

o
c
u
s
e
d
 F

e
a
s
ib

ili
ty

 S
tu

d
y
 f
o
r 

H
a
n
g
a
r 

1
0
0
0

N
a
v
a
l 
A

ir
 S

ta
ti
o
n
 J

a
c
k
s
o
n
v
ill

e

J
a
c
k
s
o
n
v
ill

e
, 
F

lo
ri
d
a

D
e
c
e
m

b
e
r 

1
4
, 

2
0
0
0

M
W

-2
3

M
W

-2
4

M
W

-2
5

M
W

-2
6

M
W

-2
7

p
H

S
.U

.
5
.6

0
N

M
6
.5

0
6
.8

0
6
.1

0

S
p
e
c
if
ic

 C
o

n
d
u
c
ti
v
it
y

m
S

/m
2
.0

7
N

M
1
.4

1
.8

6
1
.5

5

T
e
m

p
e
ra

tu
re

o
C

2
3
.5

N
M

2
3
.9

2
7
.1

2
5
.5

T
u
rb

id
it
y

N
T

U
7

N
M

1
7

3
4

D
O

m
g
/L

0
.6

4
.0

1
.0

4
.9

6
.6

O
R

P
m

V
-5

2
N

M
-7

1
1

4
5

F
e
rr

o
u
s
 I
ro

n
m

g
/L

>
3
.3

0
0
.2

9
3
.0

4
0
.7

4
2
.3

0

H
y
d
ro

g
e
n
 S

u
lf
id

e
m

g
/L

0
.1

0
.0

0
.5

0
.0

0
.0

A
lk

a
lin

it
y

m
g
/L

N
R

2
5

1
0
0

6
5

4
5

C
a
rb

o
n
 D

io
x
id

e
m

g
/L

4
0

1
8

2
8

2
5

3
8

N
o

te
s

: 
  

S
.U

. 
=

 s
ta

n
d

a
rd

 u
n

it
s

N
M

 =
 n

o
t 

m
e

a
s
u

re
d

N
T

U
 =

 n
e

p
h

e
lo

m
e

tr
ic

 t
u

rb
id

it
y
 u

n
it
s

N
R

 =
 n

o
 r

e
s
u

lt
 d

u
e

 t
o

 m
a

tr
ix

 i
n

te
rf

e
re

n
c
e

P
a
ra

m
e
te

rs
U

n
it

s



T
a
b

le
 5

-4

F
ix

e
d

-B
a
s
e
 L

a
b

o
ra

to
ry

 N
a
tu

ra
l 

A
tt

e
n

u
a
ti

o
n

 P
a
ra

m
e
te

rs

R
e
m

e
d
ia

l 
In

v
e
s
ti
g
a
ti
o
n
/F

o
c
u
s
 F

e
a
s
ib

ili
ty

 S
tu

d
y
 f

o
r 

H
a
n
g
a
r 

1
0
0

0

N
a
v
a
l 
A

ir
 S

ta
ti
o
n
 J

a
c
k
s
o
n
v
ill

e

J
a
c
k
s
o
n
v
ill

e
, 

F
lo

ri
d
a

M
W

-1
M

W
-2

M
W

-3
M

W
-5

M
W

-6
M

W
-7

M
W

-8
M

W
-9

M
W

-1
0

M
W

-1
1

0
1

/1
7

/0
1

0
1

/1
7

/0
1

0
1

/1
6

/0
1

0
1

/1
9

/0
1

0
1

/1
9

/0
1

0
1

/1
9

/0
1

0
1

/1
7

/0
1

0
1

/1
8

/0
1

0
1

/1
7

/0
1

0
1

/1
7

/0
1

M
e

th
a

n
e

 
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

4
.3

8
1

2
2

5
1

5
5

1
.2

9
2

.4
1

1
8

2
.8

1
3

0
3

2
7

3
8

4

E
th

a
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

E
th

e
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

S
u

lf
id

e
U

S
E

P
A

 M
e

th
o

d
 3

7
6

.1
m

g
/L

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

C
h

lo
ri
d

e
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
1

8
1

3
.5

1
2

1
2

.5
1

4
1

1
6

0
.5

1
2

.5
1

6
.5

3
7

.5

N
it
ro

g
e

n
, 

N
it
ra

te
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
0

.8
8

N
D

0
.2

6
N

D
0

.7
1

0
.9

1
1

.3
0

.4
9

0
.5

6
N

D

S
u

lf
a

te
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
1

0
1

2
.3

N
D

1
9

.7
3

6
4

8
.9

1
7

7
N

D
1

8
N

D

T
O

C
U

S
E

P
A

 M
e

th
o

d
 4

1
5

.1
m

g
/L

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

5
.7

N
S

M
W

-1
2

M
W

-1
3

M
W

-1
4

M
W

-1
4

D
M

W
-1

5
M

W
-1

6
M

W
-1

7
M

W
-1

8
M

W
-1

9
M

W
-1

9
D

M
W

-2
2

0
1

/1
8

/0
1

0
1

/1
6

/0
1

0
1

/1
8

/0
1

0
1

/1
9

/0
1

0
1

/1
8

/0
1

0
1

/1
6

/0
1

0
1

/1
6

/0
1

0
1

/1
8

/0
1

0
1

/1
9

/0
1

0
1

/1
9

/0
1

0
1

/1
6

/0
1

M
e

th
a

n
e

 
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

1
8

.8
3

0
4

2
0

6
1

8
7

4
8

4
1

1
2

1
8

6
1

8
.1

1
0

5
1

0
4

4
0

6

E
th

a
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

0
.5

J

E
th

e
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

N
D

N
D

N
D

N
D

1
.1

5
N

D
N

D
N

D
N

D
N

D
0

.4
6

J

S
u

lf
id

e
U

S
E

P
A

 M
e

th
o

d
 3

7
6

.1
m

g
/L

N
D

N
D

N
D

2
.0

N
D

N
D

N
D

N
D

2
.7

N
D

2
.7

C
h

lo
ri
d

e
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
2

2
1

2
.5

2
3

2
1

.5
2

4
.5

1
2

.5
1

3
.5

1
1

.5
1

9
2

0
4

4
.5

N
it
ro

g
e

n
, 

N
it
ra

te
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
N

D
3

.2
N

D
N

D
N

D
0

.4
6

N
D

0
.7

5
N

D
N

D
N

D

S
u

lf
a

te
U

S
E

P
A

 M
e

th
o

d
 3

0
0

m
g

/L
3

8
.9

1
8

.1
N

D
N

D
1

8
.7

1
1

.1
1

0
.8

7
6

.6
N

D
N

D
N

D

T
O

C
U

S
E

P
A

 M
e

th
o

d
 4

1
5

.1
m

g
/L

N
S

N
S

5
.4

J
N

S
N

S
N

S
N

S
N

S
3

.5
J

N
S

N
S

M
W

-2
3

M
W

-2
3

D
M

W
-2

4
M

W
-2

5
M

W
-2

6
M

W
-2

7

1
2

/1
4

/0
0

1
2

/1
4

/0
0

1
2

/1
4

/0
0

1
2

/1
4

/0
0

1
2

/1
4

/0
0

1
2

/1
4

/0
0

M
e

th
a

n
e

 
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

1
.6

1
.3

9
2

.3
5

2
6

.2
5

5
5

9
1

.1

M
e

th
a

n
o

l
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

N
D

N
D

N
D

N
D

N
D

N
D

E
th

a
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

0
.3

4
1

0
.2

2
7

0
.7

4
2

0
.4

1
3

0
.0

4
9

N
D

E
th

e
n

e
R

S
K

 S
O

P
 -

1
4

7
 &

 1
7

5
μ

g
/L

0
.1

9
4

0
.1

2
3

0
.5

8
3

0
.2

1
9

0
.0

3
1

0
.0

3
5

Is
o

b
u

ty
l 
A

lc
o

h
o

l
U

S
E

P
A

 8
0

1
5

μ
g

/L
N

D
N

D
N

D
N

D
N

D
N

D

N
-B

u
ty

l 
A

lc
o

h
o

l
U

S
E

P
A

 8
0

1
5

μ
g

/L
N

D
N

D
N

D
N

D
N

D
N

D

T
O

C
U

S
E

P
A

 M
e

th
o

d
 4

1
5

.1
m

g
/L

N
S

N
S

N
S

N
S

N
S

N
S

N
o

te
s

: 
 

N
D

 =
 n

o
n

 d
e

te
c
t

N
S

 =
 n

o
t 

s
a

m
p

le
d

T
O

C
 =

 T
o

ta
l 
O

rg
a

n
ic

 C
o

m
p

o
u

n
d

C
o

m
p

o
u

n
d

M
e

th
o

d
U

n
it

s

C
o

m
p

o
u

n
d

C
o

m
p

o
u

n
d

M
e

th
o

d
U

n
it

s

M
e

th
o

d
U

n
it

s



  Rev. 1 
  03/19/04 

reductive dechlorination may be inhibited.  Fifteen of the 19 Hangar 1000 wells contain DO at or below 

1.0 mg/L, suggesting that anaerobic conditions prevail over the majority of the plume. 

 

5.4.1.2 Nitrogen  

 

After DO has been depleted through aerobic respiration, anaerobes will utilize nitrate as an electron 

acceptor to anaerobically degrade hydrocarbons.  This process reduces nitrate to nitrite and generates 

carbon dioxide.  However, because chlorinated hydrocarbons are used as electron acceptors during 

reductive dechlorination, nitrate may actually compete as an electron acceptor if present at 

concentrations greater than 1.0 mg/L.  The concentrations of nitrate determined in the laboratory were 

equal to or less than 1.0 mg/L in 19 of the 21 samples.  

5.4.1.3 Ferrous Iron 

  

Field measurements of dissolved ferrous iron were made using a high-resolution, low-range portable 

colorimeter (HACH
®
).  The colorimeter utilizes the 1,10-phenanthroline iron reagent method 

(HACH
®
 8146, Modified Standard Method).  The colorimeter can obtain an accurate determination 

(±0.017 mg/L standard deviation) of ferrous iron with an estimated minimum detection limit of 0.03 mg/L 

and a maximum detection of 3.30 mg/L. 

 

After DO and nitrate reduction have occurred, anaerobic microbes will utilize ferric iron as an electron 

acceptor (iron reduction) to anaerobically degrade hydrocarbons, generating ferrous iron and carbon 

dioxide.  Ferric iron is generally present in the aquifer as solid iron oxides within the aquifer matrix.  The 

majority of ferric iron that is reduced to ferrous iron precipitates out upon contact with an oxygenated 

source such as surface water. 

 

Ferrous iron ranged from 0.0 mg/L to less than 3.30 mg/L (upper limit of colorimeter) with the maximum 

detections generally reflecting those wells with elevated VOC concentrations.  An increase in the ferrous 

iron concentration in the downgradient direction from the source area was also noted and is evidence of 

anaerobic degradation of the hydrocarbon source via the iron reduction pathway and a reduced core 

within the contaminant plume. 

 

5.4.1.4 Sulfate/Sulfide 

 

Sulfate and sulfide concentrations were analyzed at the fixed-base laboratory.  After DO, nitrate, and 

ferric iron have been used, anaerobic microbes will use sulfate as an electron acceptor to anaerobically 

degrade hydrocarbons (sulfate reduction).  The process of sulfate reduction results in the generation of 

03JAX0008 5-24 CTO 0111 
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sulfide and carbon dioxide.  The pH in the aquifer will determine the distribution of dissolved sulfide 

among three primary forms (H2S, HS
-
, and S

-
).  Hydrogen sulfide was analyzed in the laboratory and field 

and sulfide
 
was analyzed in the field.  

 

Sulfate concentrations were detected in 12 of 19 monitoring wells ranging from a maximum of 177 mg/L 

in well MW-8 to 10 mg/L in well MW-1.  Hydrogen sulfide was detected in eight wells ranging from a 

maximum of 5.00 mg/L in well MW-15 to 0.1 mg/L in well MW-5.  Sulfide was detected in 3 of 19 

monitoring wells ranging from 2 to 2.7 mg/L.  The data trends indicate that sulfate reduction is functioning 

and further indicates a reduced core within the contaminant plume. 

 

5.4.1.5 Oxidation-Reduction Potential 

 

The ORP of groundwater was analyzed using a portable, water-quality probe used in conjunction with a 

flow-through sample chamber to reduce sample aeration and contact with the atmosphere. 

 

The ORP of groundwater is a gross measure of the reduction/oxidation (redox) state of the groundwater 

environment.  The ORP depends upon and influences the rates and types of biodegradation processes.  

Therefore, the measurement of ORP [in millivolts (mV)] can provide a guide to the type of biodegradation 

processes that are active in a particular plume or even within different portions of the same plume.  Great 

care must be taken during the evaluation of ORP data since most natural waters usually include mixed 

potentials, which cannot be related to a single electron couple.  Therefore, ORP should be used only as a 

qualitative indicator of the overall oxidation-reduction state. 

 

The relative ORP measurement is proportional to the efficiency of the bioremediation pathway.  For 

example, the most efficient bioremediation pathway for a petroleum hydrocarbon plume is aerobic 

respiration.  During aerobic respiration, oxygen is utilized as the electron acceptor to mineralize petroleum 

hydrocarbons into carbon dioxide and water.  The ORP value for such a reaction is theoretically in the 

range of +583 mV. 

 

The following is a general comparison of common metabolic pathways and related ORP measurements, 

quantified under laboratory conditions: 

03JAX0008 5-25 CTO 0111 



  Rev. 1 
  03/19/04 

 

 

Pathway Electron Acceptor ORP (mV versus Ag/AgCl) 

Aerobic Respiration Oxygen +583 

Denitrification Nitrate +503 

Manganese Reduction Manganese +283 

Iron Reduction Ferric Iron -323 

Sulfate Reduction Sulfate -457 

Methanogenesis Carbon Dioxide -477 

Reference: Air Force Center for Environmental Excellence (AFCEE) (1996) 
Ag = Silver 
Ag/Cl = Silver (I) Chloride 

 

During the sampling event, ORP values across the site ranged from –182 mV to +167 mV suggesting an 

environment between manganese and iron reduction.  There appears to be a slight trend in the ORP in 

groundwater values collected at the site, such that the more negative values are associated with the 

downgradient portion of the plume.  As previously noted, iron reduction appears to be an active reductive 

pathway at the site and is one of the most frequently documented reduction pathways for chlorinated 

solvents. 

 

5.4.1.6 pH 

 

During the sampling event, a Horiba® Model U-22 water-quality meter was used to collect groundwater 

temperature, pH, turbidity, specific conductance, and DO.  The meter was intended to determine general 

groundwater quality parameters and to assist in the determination of appropriate monitoring well purge 

volumes.  The DO measurements collected from the Horiba® were used solely for the determination of 

appropriate monitoring well purge volumes.   

 

The pH is a measurement of the hydrogen ion concentration in terms of its negative logarithm.  The scale 

ranges from 0 to 14; values less than seven indicate acidity and values greater than seven indicate basic 

solutions.  The pH affects the presence and efficiency of bacterial populations in natural groundwater 

conditions.  Neutral groundwater (i.e., pH 7) is the preferred condition for most microbes. 

The pH values collected during the sampling event ranged from 5.04 to 7.39.  This indicates generally 

neutral to slightly acidic groundwater, which is conducive to intrinsic bioremediation. 
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5.4.1.7 Specific Conductivity 

 

Specific conductivity [millisiemens per meter (mS/m)] is a measure of a solution’s ability to carry an 

electrical current and is controlled by the different quantities and types of ions in the solution.  Generally, 

conductivity increases as ion concentration increases and can fluctuate within a plume based upon the 

geochemistry at that particular location.  Conductivity is most frequently used as an indicator of a 

consistent groundwater source.  For example, different water sources may have significantly different 

conductivity values. 

 

Specific conductivity values ranged from 10.7 mS/m to 79.2 mS/m, with most values ranging between 15 

and 25 mS/m.  This lack of fluctuation indicates a generally consistent supply of water in the wells 

sampled. 

 

5.4.1.8 Temperature 

 

The temperature of groundwater affects the solubility of oxygen and other geochemical species, as well 

as the metabolic activity of bacteria.  Microbes are generally more active in warm water.  The rate of 

hydrocarbon bioremediation doubles for every 10°C increase in temperature (referred to as the “Q10” rule) 

in the range of 5 to 25°C (AFCEE, 1996). 

 

Groundwater temperatures during the sampling event ranged from 19.9°C to 27.1°C.  These 

temperatures are well within the range of values acceptable for bioremediation to take place. 

 

5.4.1.9 Dissolved Methane 

 

Methanogenesis is an anaerobic biodegradation process whereby methane-producing microorganisms 

use carbon dioxide as an electron acceptor and generate methane as a byproduct of fermentation.  

Because methane is not a chemical component of fuels or solvents, its presence above background 

concentrations are important in this evaluation because some natural sources of methane could exist 

(e.g., groundwater derived from infiltration into or through a peat bog or other natural methane source). 

 

Methane concentrations ranged from 1.39 μg/L to 555 μg/L.  The highest concentrations were found in 

downgradient monitoring wells MW-3 and MW-15.  Other shallow wells (MW-01 and MW-08) contained 

lower levels of dissolved methane.  The methanogenesis may be a reductive pathway available at this 

site; however, the data is not sufficient to verify this pathway.  
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5.4.1.10 Dissolved Carbon Dioxide 

 

An increase of carbon dioxide in excess of background concentrations is also a strong indicator of active 

anaerobic biodegradation of the chlorinated solvent plume because carbon dioxide is generated in the 

plume from microbial respiration.  However, as mentioned previously, during methanogenesis, some 

strains of anaerobic bacteria use carbon dioxide as an electron acceptor, generating methane as a 

byproduct of fermentation. Therefore, the carbon dioxide that is generated through microbial respiration 

may actually be underestimated because some portion of the carbon dioxide may be used by 

methanogens. 

 

Dissolved carbon dioxide concentrations ranged from 11 to 90 mg/L at Hangar 1000.  Review of the data 

indicates that some of the highest concentrations of dissolved carbon dioxide coincide with the highest 

concentrations of COPCs, perhaps reflecting active anaerobic biodegeneration. 

 

5.4.1.11 Dissolved Ethene 

 

Under abiotic conditions, ethene can be produced by the dechlorination of vinyl chloride.  Concentrations 

of ethene greater than 0.01 mg/L (10 μg/L) provide strong evidence of such dechlorination.  This abiotic 

process is less efficient than direct oxidation of vinyl chloride to carbon dioxide under aerobic conditions, 

and, therefore, may lead to the accumulation of vinyl chloride. 

 

Ethene was analyzed in the fixed-base laboratory and was only detected in the downgradient well MW-15 

at 1.15 μg/L.  Therefore, ethene levels do not appear to support dechlorination of vinyl chloride over most 

of the site.  Wells within the contaminate plume, with the exception of wells MW-15 and MW-22, did not 

contain detectable ethene.  Wells to the southeast outside of the contaminate plume contained ethene at 

values ranging from 0.031 to 0.194 μg/L.   

 

5.4.1.12 Dissolved Ethane 

 

As mentioned previously, ethene is produced by the dechlorination of vinyl chloride.  Ethane is in turn 

produced by the further reduction of ethene.  Concentrations of ethane greater than 0.1 mg/L (100 μg/L) 

provide strong evidence of such degradation. 

 

Ethane was analyzed in the fixed-base laboratory and was not detected in any of the wells sampled.  

Wells within the contaminate plume, with the exception of well MW-15, did not contain detectable ethane.  

Wells to the southeast outside of the contaminate plume contained ethane at values ranging from 0.049 

to 0.742 μg/L.  
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5.4.1.13 Total Alkalinity 

 

Alkalinity is a measure of the buffering (neutralizing) capacity of acids in water and is expressed as mg/L 

calcium carbonate.  The total alkalinity can give a general indication of the amount of carbon dioxide 

generated during aerobic or anaerobic reduction of a chlorinated hydrocarbon plume.  Usually the 

alkalinity is higher in the source area compared with the background concentrations (an indication of 

microbial respiration) and the alkalinity then decreases in the downgradient direction indicating an overall 

decrease in the carbon dioxide production or an increase in carbon dioxide used. 

 

Total alkalinity values ranged from 10 mg/L to 250 mg/L with the highest values associated with source 

area wells and the wells directly downgradient, consistent with the biodegeneration model. 

 

5.4.1.14 Chloride 

 

Chloride ion is a measure of the reductive dechlorination of chlorinated solvents wherein chlorine atoms 

on the contaminant molecule are replaced by hydrogen.  Dissolved chloride concentrations are often 

higher than background concentrations within contaminant plumes undergoing active reductive 

dechlorination. 

Chloride concentrations in wells at Hangar 1000 range from 11 mg/L (MW-7) to 60.5 mg/L (MW-8).  The 

highest concentration of chloride was found in wells with the greatest concentration of COPCs, MW-8 and 

MW-22.  Therefore, chloride concentrations support the model that reduction dechlorination is occurring 

at the site. Chloride ion transport is typically not retarded by sorption to aquifer solids. 

 

5.4.2 Natural Attenuation Summary  

 

NA data suggests the conditions are generally favorable for anaerobic processes, and that COPCs may 

be utilizing a range of reduction pathways including iron reduction, sulfate reduction, and 

methanogenesis.  Review of COPC ratios indicates the NA is occuring as evidenced by a change in the 

the ratio of parent constituents (1,1,1-TCA and TCE) to breakdown constituents (1,1-DCE; 1,2-DCE; and 

VC) downgradient of the source area.  As a result, NA processes are expected to continue to reduce 

COPC concentrations in groundwater serving as a viable potential future remedy. 

5.4.3 Stormwater and Surface Water  

 

Groundwater data indicates that the storm sewer located on the south side of Yorktown Avenue is the 

primary receptor for groundwater at Hangar 1000.  In order to confirm this observation, the USGS 

conducted a survey of the stormwater drainage system at Hangar 1000 during a dry period in which no 
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rainfall had occurred during a three day period.  The finding of this survey indicated that the storm sewer 

that parallels the south side of Yorktown Avenue was observed to not contain water upgradient (west) of 

Hangar 1000.  Proceeding to the east, the storm sewer was noted to gain water, indicating groundwater 

infiltration.  The groundwater infiltration begins slightly to the upgradient side of the contaminant plume 

(west) and continues until the storm sewer empties into the drainage ditch southeast of Hangar 1000.   

 

In order to evaluate if groundwater contamination may be impacting downgradient receptors, three water 

samples were collected from the storm sewer in the locations shown on Figure 4-3.  The samples were 

collected from storm sewer line locations corresponding to upgradient of the contaminant groundwater 

plume, near the center of the plume, and at the outfall of the sewer into the drainage ditch.  The water 

samples were analyzed for VOCs using USEPA Method 8260B. 

 

In addition to the storm sewer samples, a surface water sample was also collected from the drainage 

ditch during the DPT survey and analyzed for VOCs via the mobile laboratory.  The results for all samples 

indicated no detectable constituents, indicating the groundwater plume is not impacting downgradient 

receptors.
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6.0  CONTAMINANT FATE AND TRANSPORT 

 

 

This chapter discusses the conceptual and numerical model of the release of COPCs at Hangar 1000, the 

physical and chemical processes that control the fate and transport of COPCs, and the potential impacts 

of remedial strategies.  

 

6.1 SOURCE AREA 

 

Analytical data show that the primary release area at Hangar 1000 is at the former Tank A location.  

Tank A consisted of an oil-water separator that directed waste oil materials to Tank B and water effluent 

to a nearby storm sewer.  Historical documentation indicates that during periods of heavy rainfall, water in 

the storm sewer would back into the oil-water separator, which was not designed to prevent back flow.  It 

is presumed that back flow into the separator may have resulted in releases to the environment.  

Releases may have occurred over the life span of the tank system, from the late 1960’s until the time of 

the last waste discharge to the tanks in 1987.  This type of release mechanism would likely have released 

“slugs” of both contaminated water and potentially non-aqueous phase hydrocarbons to the subsurface. 

 

Tank A received runoff from the engine wash racks as well as from shop drains.  Contaminant sources 

consisted of petroleum hydrocarbons and various solvent compounds.  Primary COPCs detected in soils 

and groundwater at the site include 1,1,1-TCA; 1,1-DCA; TCE; 1,1-DCE; 1,2-DCE; and vinyl chloride.  

Other constituents have also been present to varying degrees of contamination including benzene, 

toluene, 3&4-methylphenol, and naphthalene.  

 

The source area is relatively small measuring approximately 400 square ft and is located in the northeast 

quadrant of the Hangar 1000 Keyway at the location of Tank A (Figure 4-3).  Monitoring well MW-8 is 

located in what is thought to be the source zone and is, therefore, considered the source area well.  

MW-8 is completed to a depth of 13 ft in the interval that is thought to potentially contain DNAPL.  The 

DNAPL may extend to a depth of 24 ft where the clay unit is encountered based on work performed by 

J. A. Jones in 2002.  Principal constituents detected in MW-8 are TCA and TCE.  Daughter products 

1,1-DCE and 1,2-DCE are also commonly detected in this well and other wells near source area.  Total 

VOC concentrations in groundwater vary, but generally are between 10 and 20 mg/L in the source area 

and surrounding wells.   

 

Soils above the water table containing COPCs above site-specific health risk based criteria were removed 

from the site during the tank closure activities conducted in the mid 1990s.  However, impacted material 
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below the water table at Tank A has recently been identified as a potential continuing source and may 

contain DNAPL that is absorbed in clayey sand found approximately 8 to 12 ft bls in this area.   

 

The source area has been subjected to three rounds of chemical oxidation treatments.  After each 

treatment, dissolved phase concentrations rebounded to baseline concentrations or greater.  It is believed 

that DNAPL in the source area is the source for the rebound of dissolved phase constituents. 

 

6.2 HYDROGEOLOGY  

 

The USGS has conducted a numerical groundwater flow model to evaluate fate and transport of COPCs 

at Hangar 1000.  The following description of the site hydrogeology is based on the USGS report 

provided in Appendix G.  The results of the modeling effort are provided later in this section. 

 

The surficial aquifer at Hangar 1000 consists of three units.  These units are represented in the model as 

model layers.  The shallow unit (layer 1) is composed of a heterogeneous mixture of fine-grained sands, 

silt, and sandy clay that were deposited by fluvial and coastal processes.  The percentage of clay 

increases with depth until the clay unit (layer 2) is encountered at approximately 28 to 30 ft in depth.  

Hydraulic conductivity varies in layer 1 from 4 to 8 ft per day (Davis, 2001).  The vertical hydraulic 

conductivity in layer 1 was estimated by Davis to be one order of magnitude lower than the hydraulic 

conductivity.  The clay unit (layer 2) is a low permeability dry clay that prevents communication between 

the shallow unit and the second sand unit (layer 3).  The clay unit is approximately 25 ft thick and extends 

to approximately 50 ft in depth.  Layer 3 consists of sand and sandy clay with a hydraulic conductivity of 

0.4 ft per day (Davis, 2001).  Layer 3 terminates on top of the Hawthorne Formation at approximately 

60 ft bls in the source area.  

 

Shallow groundwater at Hangar 1000 flows to the southeast toward the storm sewer located on the south 

side of Yorktown Avenue.  Groundwater data indicates that an upward gradient exists at the storm sewer, 

indicating there is no underflow beneath the sewer.  This observation is confirmed by chemical data that 

show no detectable COPCs in wells to the south of the sewer.  Based on the groundwater velocity 

estimated at 75 ft per year, groundwater will travel from the source area to the storm sewer at the 

downgradient end of the plume in approximately 6.5 years. 

 

A reconnaissance of the storm sewer was performed by the USGS (Appendix G) during an extended dry 

period.  Water was observed entering the storm drain as evidenced by sand boils and infiltration of water 

flowing down the walls of the piping.  Water infiltration begins from a location near the west side of 

Hangar 1000 and extends to the east until the drain empties into a drainage ditch located southeast of 

Hangar 1000 (see Figure 11 in Appendix G).   Water samples collected from the storm sewer and from 
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the drainage ditch at the out-fall location indicate no detectable COPCs.   It is presumed that volatilization 

of the constituents occurs as contaminated groundwater enters into and flows through the storm sewer 

resulting in the lack of detection of COPCs. 

 

6.3 POTENTIAL ROUTES OF MIGRATION 

 

The physical makeup of the Hangar 1000 limits the potential migration pathways for contaminants 

originating from the former Tank A location.  The release consisting dominantly of VOCs occurred in the 

subsurface below pavement in the Keyway to Hangar 1000.  Based on these characteristics, the following 

migration pathways are available at Hangar 1000.  

 

Air.  Due to the close proximity of the Hangar 1000 building, VOCs entrained in soil vapor derived from 

impacted soils and groundwater may enter and concentrate in interior air spaces inside of Hangar 1000.  

This potential exposure pathway is evaluated in the HHRA presented in Section 7.0. 

 

Surface Water.  It is possible that organic constituents in groundwater entering into the storm sewer may 

migrate via a surface water pathway.  Since analytical results obtained from the storm sewer and 

drainage ditch indicate no detectable COPCs, transport of contaminants by surface water is not occurring 

at Hangar 1000.  

 

Groundwater.  Groundwater is capable of transporting constituents in a dissolved state.  Organic 

compounds and elements generally reach groundwater either via soil vapor transport to the water table,  

by being leached from soil to the water table, or by leaking from a point source (Tank A).  The migration 

of constituents in groundwater is a function of the fate process acting upon that individual constituent.  

The groundwater pathway is the most likely pathway for constituent migration at Hangar 1000.   

 

Other migration pathways considered, but not available at Hangar 1000, include soil transport, sediment 

transport, and biotic activity. 

 

6.4 COPC PERSISTENCE AND FATE 

 

COPC persistence and fate in groundwater at Hangar 1000 was evaluated through the development of a 

numerical computerized fate and transport model used to verify the conceptual model and to predict the 

potential effects of the reduction of COPC levels in the source area.  Mr. Hal Davis of the USGS 

conducted the modeling effort.  Details regarding the model are provided in Appendix G.  The results of 

the model are summarized below.   

 

03JAX0008 6-3 CTO 0111 



  Rev. 1 
  03/19/04 

6.4.1 Model Construction    

 

The modeling effort included development of a regional one layer model used to determine the direction 

and flow velocity of groundwater at NAS Jacksonville.  This model was then used to calibrate a 

sub-regional model to simulate groundwater flow in the region around Hangar 1000 using the Modular 

Three Dimensional Finite-Difference Water Flow Model (MODFLOW). The regional model had 240 rows 

and 290 columns with a uniform cell size of 100 ft by 100 ft.  This model was then used to establish 

boundary conditions for a site-specific groundwater flow model and a fate and transport model using the 

computer code Reactive Transport in Three Dimensions (RT3D).  The RT3D model contained 161 rows 

and 149 columns of model cells.  All cells are 5 ft long on each side.  

 

To simulate free product (DNAPL) in the source zone, two cells were assigned constant chemical 

concentrations.  During simulation constant concentration model cells were assigned with contaminant 

tracking particles represented by a cell volume-weighted mass of contamination.  The movement of the 

particles was then tracked during each step in the simulation.  The sum of masses of all particles in a cell 

equaled the total mass of contamination for that cell.  The effects of advection, retardation, and 

hydrodynamic dispersion chemical decay were simulated in the model.   

 

6.4.2 Calibration of the Model 

 

The model was calibrated against the observed concentrations in site monitoring wells.  Contamination 

from the source is believed to be leaching into the groundwater, which in turn is migrating along with 

groundwater and is discharging into the storm sewer located to the southeast.  An exact release has not 

been documented, but records show that around the 16-year mark from the last known operation of the 

system, TCE concentrations had reportedly reached steady state conditions.  DCE was assumed to reach 

steady state conditions in 14 years and vinyl chloride was assumed to have reached steady state 

conditions in 12 years.  Vinyl chloride reached steady state conditions the earliest due to the chemical 

having the lowest retardation factor allowing it to be transported more conservatively with groundwater 

flow. 

 

The first order decay rate for TCE was established to be 0.0002 d
-1

.  This value was determined from a 

similar site at OU 3 where the decay rates for TCE ranged from 0.0007 d
-1 

to 0.0002 d
-1

.  The calibrated 

first order decay rate for DCE was also 0.0002 d
-1 

and vinyl chloride was 0.06 d
-1

.  
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6.4.3 Predicted Movement of TCE, DCE, and Vinyl Chloride 

 

The effect of the reduction in the concentration of COPCs at the source was simulated.  For these 

simulations, COPCs TCE, DCE, and vinyl chloride concentrations at the source area were each reduced 

by 50 percent and then 100 percent.  In the 50 percent reduction simulation, after eight years the center 

of TCE, DCE, and vinyl chloride concentrations has traveled about half way to the sewer.  The simulation 

shows that for all contaminants, steady state conditions were half of the original concentrations. 

 

In the 100 percent source reduction scenario, vinyl chloride has been removed from the surficial aquifer in 

13 years, DCE has been removed in 15 years, and TCE has been removed in 17 years. 

 

6.4.4 Summary of Groundwater Model 

 

A sub-regional model was calibrated to simulate the groundwater flow in the region around Hangar 1000 

using the MODFLOW.  This model was then used to establish the boundary conditions for a site-specific 

groundwater flow model and a fate and transport model using the computer code RT3D.  Model results 

indicated that the groundwater flow velocity averaged about 75 ft per year, and it takes about six years for 

the groundwater to travel from the tank removal site to the storm sewer. 

 

Modeling results indicate that the travel time from the tank removal site to the storm sewer is 16, 14, and 

12 years for TCE, DCE, and vinyl chloride, respectively.  TCE takes longer due to its high retardation 

factor of 2.5; DCE takes less time with a retardation factor of 2.0; and vinyl chloride is the quickest 

because it has the lowest retardation factor of 1.7.  Based on the modeling results, the release of 

contamination in the aquifer occurred more than 16 years ago and currently all three contaminants are at 

steady state conditions.  At the present time, the source area appears to be continuously loading 

contamination into the aquifer, but the system has reached steady state conditions.  A simulation of the 

cleanup time of the aquifer after a 100 percent removal of TCE, DCE, and vinyl chloride in the source 

area resulted in restoration of the aquifer in approximately 17 years.  
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7.0 HUMAN HEALTH PRELIMINARY RISK EVALUATION 

 

 

The objective of a HHRA is to characterize the risks associated with potential exposures to site-related 

constituents.  For Hangar 1000 at NAS Jacksonville, the HHRA is being conducted as a PRE.  The 

Human Health PRE is a screening-level evaluation of potential risks from site constituents to human 

receptors at the site.  At Hangar 1000, the focus of the investigation is on the groundwater.  The 

residential receptor will be used to evaluate potential risks from direct contact exposures from potable use 

of groundwater.  The industrial receptor will be used to evaluate risks resulting from chemicals volatilizing 

from groundwater and migrating through building foundations into indoor air. 

 

7.1 METHODOLOGY 

 

The Human Health PRE for direct contact exposures from potable use of groundwater is conducted by 

simply generating a cancer risk or HI by creating new ratios between the analyte concentration and the 

appropriate screening value.  Potential risks resulting from exposures to groundwater were evaluated by 

comparing the maximum detected concentration of a compound and the upper 95 percent confidence 

limit (UCL) to groundwater screening values taken from the USEPA Region 9 Preliminary Remediation 

Goals (PRGs) Table (USEPA, 2000a).  USEPA Region 9 PRGs were used in place of FDEP GCTLs 

(FDEP, 1999) because the FDEP GCTLs are not always risk-based.  The FDEP GCTLs also reflect the 

technical feasibility of removing the chemical from water and aesthetic drinking water qualities (i.e., color, 

odor, taste, etc.).  In addition, for those chemicals where the risk-based GCTL is lower than what can 

reasonably be measured in the laboratory, the PQL is designated as the GCTL.  Although the FDEP 

GCTLs are not being used to develop risk estimates, chemicals with maximum detected concentrations 

that exceed the GCTLs will be identified in the Human Health PRE.  Groundwater samples collected 

during the latest sampling event (January 2001) were used in the analysis. 

 

For carcinogenic compounds the ICR is calculated by ICR = 
DataScreening

(Cw)(TCR)
 

and for noncarcinogenic compounds the HI is calculated by HI = 
DataScreening

(Cw)(THI)
 

where: 

Cw = chemical concentration in groundwater 

TCR = target risk level, 1 x 10
-6

 

THI = target hazard index, 1.0 
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Cancer risks will be compared to USEPA's target risk level of 1 x 10
-4

 to 1 x 10
-6

 and FDEP's acceptable 

risk level of 1 x 10
-6

.  HIs will be compared to USEPA's and FDEP's acceptable level of 1. 

 

Personnel inside of Hangar 1000 may be exposed to COPCs that have volatilized from groundwater and 

migrated through building foundations into indoor air.  Indoor air concentrations resulting from vapor 

intrusion from groundwater are estimated using the Johnson and Ettinger volatilization model (Johnson & 

Ettinger, 1991).  The model assumes that vapors of volatile chemicals are emitted from groundwater, 

migrate through surface and subsurface soil, migrate through cracks in the building foundation, and 

accumulate in air inside a building.  Input values for the vapor intrusion model are presented in Table 7-1.  

Default values were used for the model input parameters with the following exceptions.  The depth below 

grade to the bottom of the enclosed space floor was 28 cm (11 inches), which is the thickness of the 

concrete floor in Hangar 1000.  The depth below grade to the water table was 244 cm (8 ft), which is the 

average depth to groundwater in the vicinity of Hangar 1000.  The average soil/groundwater temperature 

was 22
o
C (72

o
F) (USEPA, 2000b).  The indoor air exchange rate was assumed to be 0.83 per hour, 

which is the recommend value for industrial scenarios [American Society for Testing and 

Materials (ASTM), 1997].  A value of 3 years was used for the exposure duration, which is the length of 

the typical tour of duty at NAS Jacksonville. 

 

The average concentration of chemicals in groundwater beneath Hangar 1000 was used for the exposure 

point concentrations in the vapor intrusion model, which are presented in Table 7-2. 

 

7.2 RESULTS OF HUMAN HEALTH PRE 

 

This section presents the results of the Human Health PRE for Hangar 1000.  Potential cancer risks and 

HIs were calculated for direct contact exposures to groundwater under a residential land use scenario.   

 

The results of the human health PRE for direct contact exposures from potable use of groundwater 

are presented in Table 7-3.  Based on maximum detected concentrations, the ICR of 3.9 x 10
-2

 

exceeds USEPA's target risk range of 10
-4

 to 10
-6

 and FDEP's target risk level of 1 x 10
-6

.  Chemical 

specific ICRs for benzene (2.9 x 10
-6

); 1,2-DCA (7.8 x 10
-5

); 1,1-DCE (3.3 x 10
-2

); TCE (5.4 x 10
-3

); 

1,1,2-TCA (1.6 x 10
-5

); PCE (3.1 x 10
-5

); and vinyl chloride (3.9 x 10
-4

) were greater than 1 x 10
-6

.  The 

ICR of 6.4 x 10
-3

 based on UCLs also exceeds USEPA's target risk range and FDEP's target risk level.  

Chemical specific ICRs for benzene (1.6 x 10
-6

); 1,2-DCA (1.6 x 10
-5

); 1,1-DCE (5.7 x 10
-3

); 

TCE (6.0 x 10
-4

); 1,1,2-TCA (6.6 x 10
-6

); PCE (4.7 x 10
-6

); and vinyl chloride (5.6 x 10
-5

) were greater than 

1 x 10
-6

.   
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Table 7-1

Input Parameters for Vapor Intrusion Model

Remedial Investigation/Focused Feasibility Study for Hangar 1000

Naval Air Station Jacksonville

Jacksonville, Florida

Parameter Value Definition

Lf 28 (default) Depth below grade to bottom of enclosed space floor, (cm)

Lwt 244 (site-specific) Depth below grade to water table, (cm)

SL (site-specific) SCS soil type directly above water table

Ts 22 (site-specific) Average soil/groundwater temperature, (
o
C)

SL (site-specific) Vadose zone SCS soil type

Pb 1.5 (default) Vadose zone soil dry bulk density, (g/cm
3
)

nv 0.43 (default) Vadose zone soil total porosity, (unitless)

θv 0.3 (default) Vadose zone sol water-filled porosity, (cm
3
/cm

3
)

Lcrack 28 (site-specific) Enclosed space floor thickness, (cm)

ER 0.83 (1) Indoor air exchange rate, (1/hour)

TR 1.0E-06 (default) Target risk for carcinogens, (unitless)

THQ 1 (default) Target hazard quotient for noncarcinogens, (unitless)

ATc 70 Averaging time for carcinogens, (years)

ATn 3 (2) Averaging time for noncarcinogens, (years)

ED 3 (2) Exposure duration, (years)

EF
250 (default for industrial 

scenarios)
Exposure frequency, (days/years)

Notes:

Default values are representative of site conditions.

(1) - Default value for industrial scenarios. ASTM (American Society for Testing and Materials), 1997.  

       E50.04 Provisional Standard Risk-Based Corrective Action Applied for Chemical Releases.

(2) - Typical tour duty length.
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Table 7-2

Exposure Point Concentrations for Vapor Intrusion Model

Remedial Investigaton/Focused Feasibility Study for Hangar 1000

Naval Air Station Jacksonville

Jacksonville, Florida

Monitoring Well

MW-5 MW-6 MW-7 MW-12

01/19/01 01/19/01 01/19/01 01/18/01

VOCs (ug/L)

1,1-DCA 3.7 5.3 4.4 49.9 15.8

1,2-DCA < 2 < 2 < 2 1.5 1.13

1,1-DCE 19.6 5.2 4.8 133 41

1,2-DCE (Total) 2 5.8 9.7 1.8 5

TCE 18.5 36.2 25.3 94.5 44

1,1,1-TCA 77.2 6.8 7.2 62.1 38

1,1,2-TCA < 2 < 2 < 2 1.4 1.10

PCE < 2 0.81 0.64 < 2 0.86

Notes:

(1) - One half the detection limit was used in the calculation of the average concentration.

Analyte

Average 

Concentration 

(1)
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The HI for exposures to groundwater of 62 based on maximum detected concentrations exceeds the 

USEPA and FDEP acceptable level of 1.0.  1,2-DCE (total) [hazard quotient (HQ) = 46]; 1,1,1-TCA 

(HQ= 14); and naphthalene (HQ = 1.9) were the major contributors to the HI.  Based on the UCL, the HI 

of 7.1 also exceeds the USEPA's and FDEP's acceptable level of 1.0.  1,2-DCE (total) (HQ = 4.8) and 

1,1,1-TCA (HQ = 1.3) were the major contributors to the HI based on UCL concentrations.   

 

The maximum detected concentrations of 1,1-DCA; 1,2-DCA; 1,1-DCE; 1,2-DCE (total); TCE; 1,1,1-TCA; 

PCE; vinyl chloride; and 3&4-methylphenol exceeded their respective FDEP GCTLs. 

 

The results of the Human Health PRE for industrial receptors exposed to chemicals that have volatilized 

from groundwater and migrated through building foundations into indoor air is presented in Table 7.4.  

The ICR of 6.4 x 10
-7

 is within USEPA's target risk range of 10
-4

 to 10
-6

 and less than FDEP's target risk 

level of 1 x 10
-6

.  The HI of 0.0003 is less than USEPA's and FDEP's acceptable level of 1.0. 
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Table 7-4

Results of Vapor Intrusion Modeling

Remedial Investigation/Focused Feasibility Study for Hangar 1000

Naval Air Station Jacksonville

Jacksonville, Florida

Chemical
Groundwater 

Concentration
Cancer Risk HI

1,1-DCA 15.8 0.00004

1,2-DCA 1.13 3.7E-10

1,1-DCE 40.7 6.4E-07

cis-1,2-DCE 4.83 0.0001

TCE 43.6 8.2E-09

1,1,1-TCA 38.3 0.0002

1,1,2-TCA 1.10 1.7E-10

PCE 0.863 9.2E-11

Total 6.4E-07 0.0003
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8.0 ECOLOGICAL RISK ASSESSMENT 

 
 

As part of the RI, the ERA is based on the environmental data available for Hangar 1000 at 

NAS Jacksonville in Jacksonville, Florida.  The objective of this screening-level ERA is to document 

potential ecological risks that may result from exposure to media at the site.  Naval guidance 

(Navy, 1999) for ERAs, which is consistent with USEPA guidance (USEPA, 1995), states that a site either 

passes or fails a screening-level risk assessment.  If potentially unacceptable risk is indicated, the site will 

either have an interim cleanup or proceed to a baseline risk assessment. 

 

Previous investigations at Hangar 1000 (see Section 3.0) identified VOCs as the preliminary constituents 

of concern in groundwater.  For this reason, groundwater discharging to surface water in the drainage 

ditch would be evaluated as a potential exposure pathway to show 1) whether or not a complete exposure 

pathway currently exists and 2) even if the pathway had been completed that there are significant 

ecological risk to receptors in the ditch.  Because groundwater is the contaminated media associated with 

Hangar 1000, additional surface water samples were collected to confirm whether a complete exposure 

pathway to ecological receptors existed.  It was also decided that previous sediment sample data 

collected by HLA would be used in place of collecting new samples because the data was relatively 

recent and also site-specific (i.e., toxicity testing).  This decision was also based on the possibility that the 

drainage ditch may have received discharges from the former tank system which was connected to a 

storm sewer that emptied into the ditch.   

 

This section is composed of 10 subsections.  A brief description of the study site is included in 

Section 8.1. The fate and transport characteristics of the constituents detected in sampled media are 

provided in Section 8.2.  The ecotoxicity of site contaminants and potential ecological receptors are 

outlined in Section 8.3.  Section 8.4 describes complete exposure pathways, while Section 8.5 provides 

assessment and measurement endpoints.  A summary of the data collected and used in this assessment 

is included in Section 8.6.  Sections 8.7 and 8.8, respectively, include the toxicity evaluation and exposure 

estimates for Hangar 1000.  The risk characterization is provided in Section 8.9.  The uncertainties 

inherent with any ERA are discussed in Section 8.10.  Section 8.11 contains an interpretation of the 

results and recommendations. 

 

8.1 SITE BACKGROUND 

 

A more detailed description of Hangar 1000, which includes physiography and local and regional 

hydrology, is included in Section 2 of this report.  Section 3 provides a summary of the historical 

investigations conducted at Hangar 1000.  A brief description of the site and past investigations follows. 
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Hangar 1000 is located on the north side of Yorktown Avenue.  The Hangar 1000 regulated unit consisted 

of two USTs, known as Tank A and Tank B, which were operated from the late 1960’s or early 1970’s 

until they were closed in 1983.  Tank A was a 750-gallon concrete tank used as an oil-water separator.  

Tank B (a 2,000-gallon steel tank) received overflow from Tank A, as well as waste oils and solvents 

discharged from other facility operations.  

 

In 1993, a closure plan for the tanks was developed and submitted (ABB-ES, 1993).  The following year, 

the tanks and most of their piping were removed.  The remaining pipes were cleaned and abandoned in 

place due to obstructions.  From 1995 through 1999, various assessment activities continued at the site.  

In January 2000, groundwater samples indicated the presence of solvent contamination, and the scope of 

the investigation at Hangar 1000 was expanded in order to define the extent of the groundwater plume. 

  

Hangar 1000 is comprised almost entirely of paved areas.  As such, terrestrial receptors have no 

exposure to site soils.  A storm sewer directs surface water runoff from the site’s paved areas 

to a 0.5-mile long drainage ditch located adjacent to Hangar 1000.  This ditch stretches from 

Yorktown Avenue on the north to the St. Johns River to the south.  Some level of water is always present.  

Groundwater from the site discharges into this surface water feature (see Section 3).  This ditch is the 

focus of this screening-level ERA. 

 

The sides of the drainage ditch are constructed of brick and concrete, much of which is in a state of 

disrepair.  Several culverts from other smaller drainage areas also drain into the ditch.  Dense reeds, 

grasses, and other vegetation grow in the ditch.  Small fish were noted in the north section of the ditch 

during previous site investigations (HLA, 1999).  In addition, several birds and insects were observed in 

the vegetated areas of the ditch. 

 

8.2 PREVIOUS INVESTIGATIONS 

 

Previous investigations have been conducted in the drainage ditch west of Ajax Street from 1995 through 

1999.  Testing of the sediment in the drainage ditch by NAS Jacksonville in 1991 indicated the presence 

of metal and organic chemicals.  At that time, the drainage ditch was termed PSC 44 and was listed on 

the hazardous and solid waste amendment permit as a PSC.  In December 1995, Brown and Root 

Environmental, Inc. collected three sediment samples from the drainage ditch for chemical analysis.  It 

could not be determined at that time whether the source of the chemicals was due to storm water runoff 

from adjacent parking areas and roads or due to possible releases from tanks at Hangar 1000.  HLA was 

contracted for the collection of additional sediment, surface soil, and surface water samples in areas 

along the length of the ditch, near the outfall in Mulberry Cove, and from a 20-inch drain line and storm 
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sewer north of Yorktown Avenue.  Fieldwork from the HLA sampling event was completed during two 

separate sampling rounds between December 17, 1997, and April 17, 1998.  Samples were analyzed for 

TCL SVOCs, TCL pesticides, and TAL inorganics.  The summary results for the analytical testing 

conducted by HLA are presented in Table 8-1.  Additionally, sediment samples were collected for 

saltwater amphipod toxicity testing.  The saltwater amphipod Ampelisca abdita was selected because it 

was believed that parts of the drainage ditch were tidally influenced by the brackish St. Johns River.  

However, results from the toxicity testing were inconclusive as it was determined by the testing laboratory 

that the surface water is considered freshwater.  Sediment samples from the same three locations were 

collected on April 17, 1998, for cadmium chemical analysis and toxicity testing using the freshwater 

amphipod Hyalella azteca. 

 

8.3 CONTAMINANT FATE AND TRANSPORT 

 

Past investigations at the Hangar 1000 site have detected the presence of VOCs in the soil and 

groundwater (Section 3).  In addition, two phthalates were present in groundwater samples at low levels 

in the source area.  Metals were also detected in groundwater.  However, only VOC constituents were 

identified in excess of FDEP GCTLs.  As a result, recent monitoring activities at the site, as well as this 

assessment, have focused on VOC contamination. 

 

A model was developed by the USGS to estimate the movement of the groundwater contamination from 

the site.  A detailed description of that model and its results are included in Section 6.  The model 

estimated that the plume would have reached the storm sewer and associated drainage ditch by 

mid 2001.  This conclusion is confirmed by the results obtained from monitoring well MW-19, which 

contains VOCs and is located adjacent to the storm sewer.  However, no VOCs were detected in surface 

water samples collected from the groundwater plume model’s estimated outfall area.  It is possible that 

any contamination in groundwater is volatized or diluted upon the discharge to surface water. 

 

VOCs are the COPCs associated with the Hangar 1000 site.  In general, VOCs volatilize to the 

atmosphere from surface soil and surface water.  VOCs in soil will dissolve in water to varying degrees 

and may be transported over land with runoff or via groundwater to surface waters.  Proteolysis and 

hydrolysis are not significant mechanisms for VOC degradation; however, aerobic biodegradation in soil, 

groundwater, and surface water is significant, and anaerobic degradation can also occur in these media. 

VOCs are not known to bioaccumulate in ecological receptors. 
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Because the soils at this site were essentially “capped” by pavement, the VOCs contaminating site soils 

were unable to volatilize.  The presence of VOCs in the groundwater beneath the site confirms their 

transfer from soil to groundwater.  Since groundwater at the site discharges to the surface water of the 

storm sewer and associated drainage ditch where ecological receptors are present, potential toxicity to 

biological organisms is of concern. 

 

Phthalates adsorb to soils at varying degrees depending on the soil’s organic carbon content and 

properties of the compound.  Phthalates will leach to groundwater, and there is some volatilization to the 

atmosphere from both soils and surface water.  Phthalates are a common laboratory contaminant and are 

ubiquitous in urban and commercial areas because they are often used as plasticizers.  They are not 

likely to be an important component of the waste stream at Hangar 1000 and they are not expected to be 

transported in groundwater in anything other than trace quantities.  Therefore, surface water and storm 

drain samples were not analyzed for phthalates, and they will not be considered further. 

 

Metals are generally persistent in soil, but will leach from soil to groundwater at varying degrees 

depending on the pH of the infiltrating water and other factors.  Metals will dissolve in water and may 

enter surface water via runoff or groundwater discharge.  As with phthalates, metals were not likely to be 

an important component of the waste stream at Hangar 1000.  Therefore, surface water and storm drain 

samples were not analyzed for metals and they will not be considered further.  

 

8.4 ECOTOXICITY AND POTENTIAL RECEPTORS 

 

As stated earlier, recent monitoring at the Hangar 1000 site has focused on VOCs in groundwater. 

Therefore, this assessment will also focus on that group of chemicals.  

 

The VOCs detected in site groundwater samples are halogenated hydrocarbon solvents.  As stated 

earlier, VOCs readily volatilize from soil and surface water.  However, they can be acutely toxic to 

ecological receptors.  VOCs are known central nervous system (CNS) toxins and can cause behavioral 

changes, impaired movement, and CNS depression.  For instance, fish exposed to TCE exhibited 

changes in schooling behavior and erratic swimming [Hazardous Substance Data Bank (HSDB), 2001].  

VOC solvents are also hepatotoxic and can produce effects ranging from mild changes such as fatty liver 

to more severe injuries like necrosis.  

 

VOC solvents’ toxic effects are due to their biotransformation within a receptor.  For example, 

haloethenes (e.g., TCE, PCE, DCE, and vinyl chloride) are transformed by microsomal enzymes to form 

an epoxide across the double bond.  The resulting intermediate is highly reactive and can bind to various 

cellular structures, leading to a disruption of cellular function and possibly, if bound to cellular proteins 
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and DNA, cause mutations and cancer in the animal host.  VOCs are not known to biomagnify in 

terrestrial or aquatic ecosystems, but their ability to cause acute toxicity is of concern at this site. 

 

Potential receptors include sediment-dwelling organisms (plant and animal), aquatic organisms (small fish 

and insects), and organisms that eat the aforementioned.  Based on the environmental fate data, higher 

level predators are not likely to be affected by VOCs detected in sediment or surface water. 

 

8.5 COMPLETE EXPOSURE PATHWAYS 

 

The potentially complete exposure pathway for this assessment is leaching of VOCs from contaminated 

soil, transport downward through the vadose zone, and lateral movement via groundwater to surface 

water and sediment.  Potential routes of exposure to ecological receptors include the following: 

 

• Direct contact with sediment. 

• Ingestion of sediment. 

• Ingestion of contaminated organisms. 

 

Additionally, VOCs in the groundwater may potentially discharge to surface water, which could expose 

aquatic organisms to VOCs in the surface water through direct contact and/or ingestion of surface water.  

However, as summarized in Section 5.4.3, no VOCs were detected in surface water samples indicating 

these exposure pathways are not complete. 

 

8.6 ASSESSMENT AND MEASUREMENT ENDPOINTS 

 

Regarding contamination at a site, the goal of environmental protection is to ensure that the structure and 

function of the living system is similar to what it would be without contamination.  This is very difficult to 

test or measure directly, so it is assumed that if populations of native organisms are reproducing 

successfully, the goal will be met.  Therefore, the “assessment endpoint” of this assessment is the 

successful reproduction of the following: 

 

• Sediment-dwelling (benthic) invertebrates. 

• Fish feeding on benthic invertebrates. 

• Aquatic plants. 

• Aquatic (small fish and insect) life. 

 

Although exposure through the food chain is a potential pathway, the general lack of VOC 

bioaccumulation precludes the assessment of wildlife exposure.  Similarly, drinking water is seldom a 
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significant route of entry into wildlife for environmental contaminants, and this is a factor in not selecting 

wildlife for assessment.  In addition, the area of potential exposure for wildlife, the length of the ditch, is 

small, and as discussed in Section 8.5, there is not a complete exposure pathway for surface water 

because VOCs were not detected in surface water. 

 

Toxicological data on the tendency of COPCs to cause mortality or serious developmental or reproductive 

effects can be used to address the protection goal.  For plants, invertebrates, and wildlife, toxicological 

data are typically expressed as a concentration associated with an effect (or the lack of an effect).  

Therefore, the “measurement endpoints” are the concentrations in sediment that are associated with no 

effects to the biota. 

 

8.7 SUMMARY OF DATA COLLECTION AND ANALYSIS  

 

As stated earlier, this screening level ERA is limited to the storm sewer and associated drainage ditch 

adjacent to the Hangar 1000 site.  TtNUS collected three surface water samples from the storm sewer 

and drainage ditch in June 2001.  These samples were collected to assess and characterize potential 

contaminant transfer from the groundwater plume originating at the Hangar 1000 site to downgradient 

surface water locations.  The samples were analyzed for USEPA TCL VOC constituents.  One 

background sample (SEW-1) was collected in the concrete-lined storm sewer (located south of 

Yorktown Avenue) just north of monitoring well MW-25.  This location was chosen because it was 

upgradient of the groundwater plume’s modeled path.  A second surface water sample (SEW-2) was 

collected in the same storm sewer approximately 80 ft east of the background sample.  The final surface 

water sample (SEW-3) was collected at the junction of the storm sewer and the drainage ditch located 

perpendicular to Yorktown Avenue. The locations of these surface water samples are depicted in 

Section 4 on Figure 4-3. 

 

No sediment samples were collected from the storm sewer and drainage ditch during the 2001 sampling 

event because sediment samples, including site specific toxicity testing, were previously collected and 

analyzed from December 1997 to April 1998 as presented in HLA, 1999.  The most recent sediment 

samples were collected by HLA at three locations during two rounds of sampling (HLA, 1999).  The first 

sampling round occurred in December 1997, while the second round was in April of the following year.  

Sediment was collected from two locations within the drainage ditch (44D001 and 44D002) and from one 

background location approximately 400 ft west (HLA, 1999).  All samples collected during the first round 

were analyzed for USEPA TCL SVOCs and pesticides and for TAL inorganic constituents.  In the second 

sampling round, sediment samples collected from the same three locations were analyzed for cadmium. 
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HLA also submitted sediment samples from these locations for toxicity testing.  In the first sampling 

round, the saltwater amphipod Ampelisca abdita was used; while in the second sampling round, the 

freshwater amphipod Hyalella azteca was used (HLA, 1999). 

 

8.8 TOXICITY EVALUATION  

 

At the screening level, the USEPA Region 4 Ecological Screening Values (ESVs) are used as toxicity 

thresholds when available values from other sources were used as the screening value for chemicals that 

did not have Region 4 ESVs.  The Region 4 ESVs are based on contaminant levels associated with a low 

probability of unacceptable risks to ecological receptors.  The numbers are based on conservative 

endpoints and sensitive ecological effects data, and they are used to determine the need for further 

investigation.  The ESVs do not represent remediation levels. 

 

The USEPA surface water screening values are derived from water quality criteria documents and 

represent chronic ambient water quality criteria values.  The lowest reported effects level is used for 

chemicals for which there is insufficient information available to derive a criterion.  A safety factor of 10 

was used to derive a chronic value if only acute information was available.  

 

The results and toxicity evaluation of the sediment samples collected by HLA were reported in the 

Sampling Event Report for PSC 44, which is the drainage ditch west of Ajax Street (HLA, 1999).  In that 

document, maximum and average sediment concentrations of detected analytes were compared to the 

sediment quality guidelines from USEPA Region 4 (USEPA, 1995) and the FDEP threshold effects levels 

(TELs) and probable effects levels (PELs) (MacDonald, 1994).  The USEPA Region 4 guidelines were 

derived from literature reported in publications from the State of Florida and the National Oceanic and 

Atmospheric Administration (Long and Morgan, 1991).  The FDEP TEL value is a concentration of a 

sediment-associated contaminant that is not considered to represent a significant hazard to aquatic 

organisms.  Within the TEL and PEL concentration range, adverse biological effects are possible.  Above 

the PEL range, concentrations of sediment-associated contaminants are considered to represent 

significant hazards to aquatic organisms (HLA, 1999). 

 

As stated earlier, sediment toxicity testing was also conducted on sediment samples collected at PSC 44.  

Previous investigations conducted by ABB-ES in 1993 indicated that the nearby St. Johns River water 

was marine in nature (HLA, 1999).  A portion of the sampled drainage ditch is tidally influenced by the 

St. Johns River.  Therefore, the saltwater amphipod Ampelisca abdita was used in the toxicity testing 

conducted in 1997.  The HLA report (HLA, 1999) notes that upon arrival to the laboratory, the salinity of 

the sediment samples were measured and classified as freshwater.  Natural seawater was added to the 

sediment prior to the initiation of the test, but the results from the testing were inconclusive, and it was 
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determined that a freshwater amphipod should have been used.  The toxicity testing was repeated in 

April 1997 using the freshwater amphipod Hyalella azteca.  The amphipod was exposed to the reference 

toxicant, copper sulfate, in a 10-day graded concentration series to determine the 96-hour LC50 value. 

Survival rates and the dry weight of test organisms in background and PSC 44 samples were compared.  

The toxicity test results are discussed in Section 8.9, together with the risk evaluation of chemical 

concentrations in sediment. 

 

8.9 EXPOSURE ESTIMATE 

 

At this screening step, contaminant concentrations are used as exposure estimates for comparison to 

screening levels.  The screening level ERA is generally a conservative estimation of potential ecological 

risk; therefore, maximum contaminant concentrations are used for comparison to guidelines. 

 

HLA performed a Focused Ecological Risk Evaluation as part of the PSC 44 Sampling Event 

Report (HLA, 1999).  Both average and maximum concentrations of the analytes detected in sediment 

were compared to the toxicity guidelines.  

 

8.10 RISK CALCULATION 

 

Risk in a screening level risk assessment is estimated by dividing the maximum site concentration by its 

Region 4 ecological screening level.  This results in a HQ; HQs of one or more indicate potential risk.  

Because potential ecological risks due to site sediment samples have already been evaluated in the 

Focused Ecological Risk Evaluation conducted by HLA in 1999, the reported results of that study will be 

used here.  

 

Sediment 

 

The results of the toxicity testing using the freshwater amphipod Hyalella azteca indicated that the site 

background sample had a 96 percent survival rate, while the two sample locations, 44D001 and 44D002, 

had survival rates of 93 and 99 percent, respectively.  Statistical analyses showed no significant decrease 

in survival rates between background and PSC 44 samples.  In addition, the mean dry weight of test 

organisms from sample locations 44D001 and 44D002 were higher than background (HLA, 1999).  The 

toxicity testing results did not indicate any adverse effects to the test organisms from sediment exposure 

(HLA, 1999). A comparison of the sediment data to available screening levels is included in Table 8-1. 

 

A comparison of maximum sediment concentrations in the drainage ditch to sediment screening criteria 

indicated that PAHs, several pesticides, cadmium, lead, and zinc exceeded the available criteria 
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(HLA, 1999). Based upon the distribution of the contaminants along the drainage ditch, the likely source 

of these contaminants was concluded to be stormwater runoff from adjacent parking lots and roads 

(HLA, 1999). 

 

The toxicity testing indicated that aquatic receptors in the PSC 44 drainage ditch were not adversely 

affected from exposure to sediment.  These results carry more weight than comparison of chemical 

concentrations to guideline values, so unacceptable risks to aquatic receptors are not expected to occur 

from exposure to sediment in the drainage ditch. 

 

Surface Water 

 

No constituents were detected in any of the three surface water samples collected in and around the 

storm sewer adjacent to Yorktown Avenue.  Therefore, a numerical estimation of risk cannot and does not 

need to be made.  A comparison of the surface water reporting limits to available screening levels is 

included in Table 8-2.  As shown in the table, the reporting limits for COPCs are well below their 

respective screening levels.  However, uncertainty exists in the case of Freon 113 and vinyl chloride 

because screening values are not available for these chemicals.   

 
 

Table 8-2 
Surface Water Report Limits Versus Screening Criteria 

 

Remedial Investigation/Focused Feasibility Study for Hangar 1000 
Naval Air Station Jacksonville 

Jacksonville, Florida 
 

Volatile Organic 
Compound 

Report Limit 
(�g/L) 

ORNL Secondary 
Chronic Value

(1)
 

(�g/L) 

USEPA Region 4 
Freshwater Value 

(�g/L) 

Florida Freshwater 
Surface Water Cleanup 

Target Level (�g/L) 

Acetone 50 1,500 -- 1,700 
Benzene 1 130 53 -- 
1,1-DCA 2 47 -- -- 
1,1-DCE 2 25 303 -- 
1,2-DCA 2 910 2,000 -- 
1,2-DCE (total) 4 590 00 7,000 
Ethylbenzene 2 7.3 453 610 
Freon 113 2 -- -- -- 
1,1,1-TCA 2 11 528 270 
1,1,2-TCA 2 1,200 940 -- 
PCE 2 98 84 -- 
Toluene 2 9.8 175 480 
TCE 2 47 -- -- 
Vinyl Chloride 1 -- -- -- 
 

Notes: 
ORNL = Oak Ridge National Laboratory 
-- = not available 
(1)

Suter, G. W. II and C. L. Tsao, 1996.  Toxicological Benchmarks for Screening Potential Constituents of Concern for Effects on 
Aquatic Biota: 1996 Revision.  Environmental Sciences Division, Oak Ridge National Laboratory.  ES/ER/TM-96/R2. 
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8.11 UNCERTAINTY 

 

Uncertainty is associated with all aspects of the ecological assessment methodology presented in the 

preceding sections. This section provides a summary of uncertainties. 

 

Once the risk assessment is complete, the results must be reviewed and evaluated to identify the type 

and magnitude of uncertainty involved.  Reliance on results from a risk assessment without consideration 

of uncertainties, limitations, and assumptions inherent in the process can be misleading.  For example, to 

account for uncertainties in the development of exposure assumptions, conservative estimates must be 

made to ensure that the assumptions are protective of receptors inhabiting the area of potential exposure.  

If a number of conservative assumptions are combined in an exposure model, the resulting calculations 

will propagate the uncertainties associated with those assumptions.  This uncertainty is biased toward 

over predicting risks.  Thus, both the results of the risk assessment and the uncertainties associated with 

those results must be considered when making risk management decisions. 

 

Generally, risk assessments carry two types of uncertainty – measurement and informational.   

Measurement uncertainty refers to the variability inherent in measured data.  For example, this type of 

uncertainty is associated with analytical data used to characterize contaminant concentrations present in 

various environmental media; the risk assessment reflects the accumulated variances of the individual 

values used.  Informational uncertainty stems from the limited availability of information needed to 

complete various portions of the assessment.  Often this gap is significant; information regarding the 

effects of industrial chemicals on wildlife receptors, on the biological mechanism of action of a chemical, 

the impact physiological differences on exposure pathways, or the behavior of a chemical in various 

environmental media (e.g., soil) is often absent. 

 

Uncertainty is associated with each of the steps of the risk assessment process, including the following: 

 

 

• Uncertainty in problem definition arises from ambiguities in characterization of contaminant sources 

and migration pathways, as well as in the exposure pathway analysis. 

 

• Uncertainty associated with the exposure assessment includes the methods used and the 

assumptions made to determine exposure concentrations. 

 

• Uncertainty in the ecological effects characterization includes the quality of the existing data to 

support a determination of potential adverse impacts to ecological receptors. 
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• Uncertainty in risk characterization includes that associated with the potential effects of exposure to 

multiple chemicals and the cumulative uncertainty from combining conservative assumptions made in 

earlier activities. 

 

While these and other sources contribute to uncertainty, the manner (direction) in which uncertainty 

impacts the final predictions produced by this assessment (i.e., over or under prediction) can be 

influenced by the assumptions made throughout the risk assessment process.  As noted above, 

conservative assumptions were made so that the final calculated risk would result in an overestimation of 

potential risks attributable to conditions associated with the site.  Thus, uncertainty is associated with the 

degree to which the numerical values produced as a result of this process overestimate the actual risks. 

 

8.11.1 Uncertainty in Problem Definition 

 

Uncertainty in the problem definition can arise as a result of contaminant source evaluation.  Data gaps 

and incomplete or vague information regarding contaminant fate and transport (migration pathways) and 

the environmental receptors present and their ecology may lead to uncertainty in determining complete 

exposure pathways.  Appropriate and reasonable assumptions should be made concerning exposure 

pathways (e.g., sources, points, and routes), as well as the use of appropriate and accepted sources of 

physico-chemical data for all preliminary COPCs.  

 

For this screening level ERA, the site history indicates storage and disposal of solvents.  The two USTs 

on site have been removed, and soils above target concentrations were excavated.  These actions have, 

somewhat, remediated the site.  Because the site is paved and any remaining contaminated soils are 

inaccessible to terrestrial receptors, the soil samples collected in assessment thus far characterize the 

site.  

 

Likewise, the sediment samples collected from the drainage ditch are downgradient from the source of 

contamination and are likely characteristic for that medium.  Although the sediment samples collected 

were not analyzed for VOCs, the transfer of VOCs from groundwater to surface water and subsequently 

to sediment is unlikely to occur given their high volatility. 

 

The groundwater model predicted that the contamination plume would reach the storm sewer within 

10 years of the release and predicts the plume has reached steady state conditions.  Groundwater 

samples taken adjacent to the storm sewer indicate VOCs are present in groundwater, confirming the 

model output.  The groundwater samples were collected within the areas of the sewer and ditch that the 

outfall was predicted and, thus, are thought to be representative of potential ground-to-surface water 
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contamination.  The absence of VOCs in surface water samples above detection limits could be a result 

of volatilization, stripping, or dilution. 

 

8.11.2 Uncertainty in the Exposure Assessment 

 

Uncertainty in the exposure assessment arises for the methods used to establish exposure point 

concentrations.  A limited number of sediment and surface water samples within areas likely to be 

inhabited by ecological receptors were collected.  Therefore, the degree to which the locations of these 

samples represent the contamination encountered by potential receptors at the site is uncertain.  

Moreover, the use of maximum detected values to represent site-specific contamination concentrations is 

conservative and overestimates risk.  If inappropriate methods for taking and analyzing environmental 

samples are utilized, uncertainty in the results will be increased.  Contaminants may be present in forms 

that are toxic in varying degrees or differ in bioavailability.  If it is assumed that measured concentrations 

are 100 percent bioavailable, the contaminant concentrations are likely to overestimate risk. 

 

8.11.3 Uncertainty in the Ecological Effects Characterization 

 

Unlike HHRAs, ecological assessments must consider risks to many different species.  The calculation of 

risk values for each potential receptor species is not possible.  For screening level risk assessments, 

conservative values, protective of a wide range of ecological receptors, are used for screening.  The 

underlying assumptions associated with the use of these values is that contaminant concentrations in 

excess of these guidelines are indicative of potential impacts to actual receptors inhabiting a given area.  

However, species-specific physiological differences that may influence an organism’s response to a 

contaminant or subtle behavioral differences that may increase or decrease a receptor’s contact with a 

contaminant are seldom known.  The use of screening values, while necessary, will introduce error into 

the results of an assessment. 

 

In addition to uncertainty regarding risks associated with the degree to which screening values are 

exceeded, uncertainty in the results of the risk assessment process arises when extrapolations are made 

across levels of ecological organization or from laboratory studies to field conditions in benchmark 

derivation.  The majority of the currently available toxicological data rests on the response of individuals 

exposed to chemicals.  Extrapolations from these simple endpoints to more complex, ecologically 

relevant endpoints, such as impacts to populations or communities, introduce uncertainty into the results 

of the risk assessment.  The uncertainty associated with extrapolations from results based on laboratory 

test conditions to field situations have long been acknowledged, but remains difficult to quantify. 
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8.11.4 Uncertainty in the Risk Characterization 

 

Uncertainty in risk characterization includes the uncertainties associated with its design and components: 

problem formulation, exposure assessment, and effects characterization.  Other sources of uncertainty 

emerge at the risk characterization step, such as not taking antagonistic or synergistic effects into 

account.  Little or no information is available to determine the potential for antagonism or synergism for 

the chemicals of concern.  Therefore, this uncertainty cannot be discussed in terms of its impact on the 

risk assessment, since it may either underestimate or overestimate potential ecological risk.  Also, 

reasonable and appropriate conclusions must be drawn from the results.  Often conservative conclusions 

are drawn, which may tend to overestimate risk. 

 

8.12 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

 

The results of this Screening Level ERA do not indicate unacceptable risk to ecological receptors from 

contamination in the storm sewer and the drainage ditch located downgradient from Hangar 1000. 

Although sediment samples collected from the drainage ditch in 1999 did indicate PAHs and metals in 

concentrations exceeding available criteria, the presence and distribution of these analytes indicates their 

source is most likely stormwater runoff from adjacent parking lots and roads (HLA, 1999).  Toxicity testing 

performed on site sediments did not indicate adverse effects to aquatic receptors (HLA, 1999).  In 

addition, surface water samples collected from the groundwater plume model’s estimated outfall area in 

June 2001 did not detect the presence of any site-related contamination (VOCs) above reporting limits, 

indicating that the pathway to ecological receptors is not complete.  As such, no further ecological study is 

recommended for the Hangar 1000 site.  
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9.0 DESCRIPTION OF THE FOCUSED FEASIBILITY STUDY 

The FFS, which is discussed in Sections 9.0 to 13.0 of this report, is the process for the development and 

evaluation of the remedial action to address the contamination at Hangar 1000.  As a result of agreement 

of the NAS Jacksonville Partnering Team (which includes the Navy, USEPA, and FDEP), an FFS was 

selected for Hangar 1000.  An FFS differs from a standard FS as a specific set of remedial alternatives 

has been pre-selected for development and screening.  The remedial alternatives selected for 

development are discussed in detail in Sections 11.0 to 13.0.   

 

The following sections provide a detailed determination of the RAOs.  After the RAOs are decided upon, a 

comparative analysis of remedial alternatives is performed to determine the best viable route for remedial 

activities.  

 

The information that was provided in the RI on the extent and characteristics of contamination at the 

Hangar 1000 is used in the FFS.  The additional information provided by the human health and ecological 

risk assessments on the risks posed to human health and the environment by the existing site conditions 

made available additional data for the FFS.  

 

9.1 THE FFS PROCESS 

 

Development of remedial alternatives for CERCLA sites consists of a series of steps.  The first step in the 

FFS process is to develop RAOs.  RAOs are media-specific goals established to protect human health 

and the environment.  RAOs specify the COCs, media of interest, and exposure pathways and are 

established such that a range of alternatives can be developed to achieve the objectives.  RAOs for 

Hangar 1000 are developed in Section 10.0 and are based on information provided from the RI and 

human health and ecological risk assessments.  Once RAOs are identified, GRAs are developed for each 

medium of interest.  GRAs typically fall into the following categories: no action, containment, excavation, 

extraction, treatment, disposal, or other actions, singularly or in combination, which will satisfy the RAOs 

established for the site. 

 

After the RAOs are developed, applicable technologies are identified and those technologies are 

developed into remedial alternatives to meet the RAOs.  For a typical FS, the National Oil and Hazardous 

Substance Pollution Contingency Plan (NCP) requires that a range of alternatives be presented in the FS 

to the maximum practicable extent.  However, for this FFS, a set of alternatives has been pre-selected by 

the NAS Jacksonville Partnering Team based on experience at similar sites, prior remedial actions at 

Hangar 1000, and current site conditions. 
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For a typical FS, Section 11.0 would discuss the process to identify and screen applicable technologies 

for each general response action.  This step eliminates those technologies that cannot be implemented 

technically.  Those technologies that pass the screening phase are then assembled into remedial 

alternatives.  Since this is an FFS, remedial alternatives for screening have already been pre-selected.  

Therefore, Section 11.0 presents a brief introduction and summary of the pre-selected remedial 

alternatives.  This FFS report does not present information on alternatives that fail to meet the RAOs, 

except for a no action alternative which, by law, must be considered to provide a baseline for comparison 

of all alternatives. 

 

Section 12.0 describes and analyzes in detail the remedial alternatives by using the following seven 

criteria described in the NCP: (1) overall protection of human health and the environment; (2) reduction of 

toxicity, mobility, or volume of contaminants through treatment; (3) compliance with ARARs; (4) long-term 

effectiveness and permanence; (5) short-term effectiveness; (6) implementability; and (7) cost. 

 

Alternatives are evaluated against the following two factors after State participation and public comment 

period for the FS: (1) State acceptance and (2) community acceptance. 

 

The results of the detailed analyses (for the first seven criteria) are summarized and compared in a 

comparative analysis (Section 12.0).  The alternatives are compared against each other with the following 

criteria: 

 

Threshold criteria include the following: 

  

• Overall protection of human health and the environment. 

• Compliance with ARARs. 

 

Primary balancing criteria include the following: 

 

• Cost effectiveness. 

• Use of permanent solutions and alternative treatment technologies or resource recovery technologies 

to the maximum extent practicable. 

• Preference for treatment that reduces toxicity, mobility, or volume of contaminants as a principle 

element. 

 

These criteria are used because Superfund Amendments and Reauthorization Act of 1986 requires them 

TBC during remedy selection.  Modifying criteria, which included State and community acceptance, are 

also evaluated.  State acceptance is evaluated when the State reviews and comments on the draft FFS 
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report.  A Proposed Plan is then considered based on the State’s comments.  Community acceptance is 

evaluated based on comments received on the FFS and Proposed Plan during a public comment period.  

Comments from the community are addressed in a Responsive Summary that is included in the Record of 

Decision (ROD), which documents the identification and selection of the remedy.  The entire FFS process 

provides the technical information and analyses that form the basis for a Proposed Plan and subsequent 

ROD. 

 

9.2 REMEDIAL CONSIDERATIONS  

  

The NAS Jacksonville Partnering Team agreed that the FS for Hangar 1000 would be an FFS.  This 

decision was made principally because the RI and subsequent field investigations (see Appendix I) 

identified several areas of groundwater with very high concentrations of chlorinated VOCs (up to 

82,000 μg/L) that are indicative of the presence of DNAPL and act as ongoing sources of contamination.  

As a result, development and evaluation of remedial alternatives have been sepcifically focused upon 

these DNAPL source areas.  

 

For the purpose of this FFS, the saturated soil in the DNAPL source areas is considered to be part of the 

groundwater medium of concern. 
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10.0 REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

This section develops RAOs and derives PRGs for the contaminated media.  The regulatory requirements 

and guidance (e.g., ARARs) that may potentially govern remedial activities are presented in this section.  

In addition, this section presents the COCs identified during the RI, HHRA, and ERA and the conceptual 

pathways through which these chemicals may affect human health, and thus derives the environmental 

media of concern.  The PRGs for the contaminated media are developed in this section and GRAs that 

may be suitable to achieve the PRGs are presented.  Finally, this section presents an estimate of the 

volumes of contaminated media. 

 

10.1 REMEDIAL ACTION OBJECTIVES 

The purpose of this section is to develop RAOs for Hangar 1000 at NAS Jacksonville, Jacksonville, 

Florida.  Development of RAOs is an important step in the FFS process.  The RAOs are medium-specific 

goals that define the objective of conducting remedial actions to protect human health and the 

environment.  The RAOs specify the COCs, potential exposure routes and receptors, and an acceptable 

range contaminant level (i.e., PRGs) for the site. 

 

The development of PRGs takes into consideration ARARs and TBC criteria.  Section 10.1.2 identifies the 

ARARs and TBC criteria, Section 10.1.3 identifies the media of concern, and Section 10.1.4 identifies the 

COCs for remediation. 

 

10.1.1 Statement of RAOs 

Site-specific RAOs specify COCs, media of interest, exposure pathways, and cleanup goals or 

acceptable contaminant concentrations.  RAOs may be developed to permit consideration of a range of 

treatment and containment alternatives.  This FFS addresses groundwater contamination at 

Hangar 1000.  To protect the public from potential current and future health risks, as well as protect the 

environment, the following RAOs have been developed for Hangar 1000: 

 

• Prevent unacceptable risks from human exposure to contaminated groundwater. 

• Prevent contaminant migration from groundwater to surface water. 
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10.1.2 ARARs and TBC Criteria 

ARARs consist of the following: 

 

• Any standard, requirement, criterion, or limitation under Federal environmental law. 

 

• Any promulgated standard, requirement, criteria, or limitation under a state environmental or facility 

law that is more stringent than the associated Federal standard, requirement, criterion, or limitation. 

 

TBC criteria are non-promulgated, non-enforceable guidelines that may be useful in developing a 

remedial action or are necessary for determining what are protective to human health and/or the 

environment.  Examples of TBC criteria include USEPA’s Drinking Water Health Advisories, Reference 

Doses (RfDs) and Cancer Slope Factors (CSFs). 

 

One of the primary concerns during the development of remedial action alternatives for hazardous waste 

sites under CERCLA is the degree of human health and environmental protection offered by a given 

remedy.  Section 121 of CERCLA requires that primary consideration be given to remedial alternatives 

that attain or exceed ARARs.  The purpose of this requirement is to make CERCLA response actions 

consistent with other pertinent Federal and State environmental requirements. 

 

10.1.2.1 Definitions 

The definitions of ARARs are given below: 

 

• Applicable requirements are those cleanup standards, standards of control, and other substantive 

environmental protection requirements, criteria, or limitations promulgated under Federal or State law 

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or 

other circumstances at a CERCLA site.  

 

• Relevant and Appropriate Requirements are cleanup standards, standards of control, and other 

substantive environmental protection requirements, criteria, or limitations promulgated under Federal 

or State law, while not “applicable” to a hazardous substance, pollutant, contaminant, or remedial 

action, location, or other circumstances at a CERCLA site, addresses problems or situations 

sufficiently similar to those encountered at the CERCLA site that their use is well suited to the 

particular site. 

 

• TBC criteria are a category created by USEPA that includes non-promulgated criteria, advisories, and 

guidance issued by Federal and State government that are not legally binding and do not have the 
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status of potential ARARs.  However, pertinent TBC criteria will be considered along with ARARs in 

determining the necessary level of cleanup or technology requirements. 

 

Under CERCLA Section 121(d)(4), the USEPA may waive compliance with an ARAR if one of the 

following conditions can be demonstrated: 

 

• The remedial action selected is only part of a total remedial action that will attain the ARAR level or 

standard of control upon completion. 

 

• Compliance with the requirement will result in a greater risk to human health and the environment 

than other alternatives. 

 

• Compliance with the requirement is technically impracticable from an engineering perspective. 

 

• The remedial action selected will attain a standard of performance that is equivalent to that required 

by the ARAR through the use of another method or approach. 

 

• With respect to a State requirement, the State has not consistently applied the ARAR in similar 

circumstances at other remedial actions within the State. 

 

• Compliance with the ARAR will not provide a balance between protecting public health, welfare, and 

the environment at the facility with the availability of Superfund money for response at other facilities 

(fund-balancing).  This condition only applies to Superfund-financed actions. 

 

The NCP has identified three categories of ARARs [40 CFR Section 300.400 (g)]: 

 

• Chemical-Specific:  Health/risk-based numerical values or methodologies that establish concentration 

or discharge limits for particular contaminants.  Examples include Maximum Contaminant Levels 

(MCLs) and Clean Water Act Ambient Water Quality Criteria (AWQC). 

 

• Location-Specific: Restrict actions or contaminant concentrations in certain environmentally sensitive 

areas.  Examples of these areas regulated under various Federal laws include floodplains, wetlands, 

and locations where endangered species or historically significant cultural resources are present. 

 

• Action-Specific: Technology- or activity-based requirements, limitations on actions, or conditions 

involving special substances.  Examples of action-specific ARARs include wastewater discharge 

standards. 
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Based upon the results of the RI, HHRA, and ERA involving toxicity and risk assessment for both human 

health and ecological receptors, as well as the agreements made by the NAS Jacksonville Partnering 

Team, the primary medium of concern at Hangar 1000 was determined to be groundwater.  As noted 

earlier in Section 9.2, saturated soil associated with groundwater in the DNAPL source areas will be 

considered as groundwater.   

10.1.3 Medium of Concern 

 

This section provides a summary of Federal and State location-specific ARARs and TBC criteria.  These 

ARARs and TBC criteria place restrictions on concentrations of contaminants or the conduct of activities 

based upon the site’s particular characteristics or location.  Tables 10-3 and 10-4 present a list of Federal 

and State of Florida’s location-specific ARARs and TBC criteria for this FS. 

03JAX008 

10.1.2.3   Location-Specific ARARs and TBC Critieria 

  

This section presents a summary of Federal and State chemical-specific ARARs and TBC criteria.  All of 

these ARARs and TBC criteria provide a medium-specific guidance on “acceptable” or “permissible” 

concentrations of contaminants.  Tables 10-1 and 10-2 present a list of Federal and State of Florida 

chemical-specific ARARs and TBC criteria for this FFS.  

10.1.2.2 Chemical-Specific ARARs and TBC Criteria 

 

The following section discusses contaminant- and location-specific ARARs and TBC criteria.  

Action-specific ARARs and TBC criteria are presented in Section 10.3 along with the discussion of GRAs. 

 

Results of the HHRA indicated that maximum detected concentrations of six chlorinated VOCs (1,2-DCA; 

1,1-DCE; TCE; 1,1,2-TCA; PCE; and vinyl chloride) and one petroleum compound (benzene) could result 

in ICRs that exceed USEPA's target risk range of 1.0E-04 to 1.0E-06 and FDEP's target risk level of 

1.0E-06.  

10.1.4.1 Groundwater COCs 

 

COCs for the Hangar 1000 groundwater were determined based on a human health and ecological risk 

assessment and based on screening of maximum concentrations with State and Federal criteria.  The 

COC list was developed by comparing maximum detected chemical concentrations in groundwater to 

appropriate criteria as discussed below. 

10.1.4 COCs for Remediation 
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Results of the HHRA also indicated that maximum detected concentrations of two additional chlorinated 

VOCs (1,2-DCE and 1,1,1-TCA) and one SVOC (naphthalene) could result in non-carcinogenic HQs 

greater than the USEPA and FDEP acceptable level of 1.0.   

 

The maximum detected concentrations of 1,1-DCA; 1,2-DCA; 1,1-DCE; 1,2-DCE (total); TCE; 1,1,1-TCA; 

PCE; vinyl chloride; and 3- & 4-methylphenol exceeded their respective FDEP GCTLs. 

 

10.2 PRELIMINARY REMEDIATION GOALS 

PRGs are concentrations of contaminants in the environmental media that, when attained, should achieve 

RAOs.  PRGs are developed to ensure that contaminant concentration levels remaining on site are 

protective of human health and ecological receptors.  In general, PRGs are established with consideration 

given to the following: 

 

• Protecting human receptors from adverse health effects. 

• Protecting the environment from detrimental impacts from site-related contamination. 

• Compliance with Federal and State ARARs. 

 

10.2.1 PRGs for Groundwater 

The groundwater PRGs were based on the following criteria: 

 

• Protection of human health from exposure to contaminants in groundwater. 

• Comply with ARARs and TBC criteria to the extent practicable. 

 

PRGs for groundwater at Hangar 1000 are as follows: 

COC 
PRG

(1)
 

(μg/L) 

Chlorinated VOCs  
1,2-DCA 3 
1,1-DCE 7 
1,2-DCE (total) 63 
1,1,1-TCA 200 
1,1,2-TCA 5 
TCE 3 
PCE 3 
Vinyl Chloride 1 
Petroleum Compounds  
Benzene 1 
SVOCs  
3-methylphenol 35 
4-methylphenol 3.5 
Naphthalene 20 

(1)
 FDEP GCTLs (FDEP, 1999). 

03JAX008 10-10 CTO 0111 
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Based on the analysis of the nature and extent of contamination presented in Section 5.3.1 and illustrated 

on Figures 5-4 through 5-6, the groundwater contaminant plume extends approximately 520 ft in a 

southeasterly direction from Hangar 1000, reaching across Yorktown Avenue.  The surface area, depth, 

and volume of that contaminant plume are estimated at approximately 52,400 square ft, 25 ft, and 

8,400,000 gallons, respectively. 

10.4 ESTIMATED VOLUMES OF CONTAMINATED GROUNDWATER 

 

Action-specific ARARs and TBC criteria are technology- or activity-based regulatory requirements or 

guidance that would control or restrict remedial action.  Tables 10-5 and 10-6 present a list of Federal and 

State action-specific ARARs and TBC criteria for this FFS. 

• Limited Action (Natural Attenuation, Institutional Controls, Monitoring). 

• No Action. 

 

The following GRAs will be considered for groundwater: 

 

GRAs describe categories of actions that could be implemented to satisfy or address a component of an 

RAO for the site.  Remedial action alternatives will then be composed using GRAs singly or in 

combination to meet the remedial action objectives.  The remedial action alternatives, composed of 

GRAs, will be capable of achieving the RAOs. 

10.3.2 Action-Specific ARARs 

 

• Disposal. 

• Ex-Situ (On-Site) Treatment. 

• In-Situ Treatment. 

• Removal. 

• Containment. 

03JAX008 

10.3.1 GRAs 

 

GRAs are broadly defined remedial approaches that may be used (by themselves or in combination with 

one or more of the others) to attain RAOs.  Action-specific ARARs and TBC criteria are those regulations, 

criteria, and guidances that must be complied with or taken into consideration during remedial activities. 

10.3 GRAs AND ACTION-SPECIFIC ARARS 

Rev. 1 
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Results of the additional field investigations presented in Appendix A, Section 7 [CH2M Hill Constructors, 

Inc. (CCI), 2002] have shown that the majority of COCs are contained in three areas of groundwater and 

associated saturated soil that have been designated as DNAPL source areas.  These three areas extend 

over a total surface of approximately 1,050 square ft and from a depth of 7 to 25 ft bls.  The total weight of 

COCs in the DNAPL source areas has been estimated at approximately 60 pounds. 

 

The location and size of the DNAPL source areas are illustrated on Figure 10-1.  Calculations for 

determining the volume of contaminated groundwater and saturated soil and the quantities of COCs in 

the DNAPL source areas are presented in Appendix I, Figure J-1. 
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11.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

This section identifies, screens, and evaluates the potential technologies and process options that have 

been agreed upon by the NAS Jacksonville Partnering Team for Hangar 1000 at NAS Jacksonville.  The 

primary objective of this phase of the FFS is to develop the remedial technologies and process options 

that have been pre-selected for developing the preliminary remedial alternatives. 

 

The basis for technology identification and screening began in Section 10.0 with a series of discussions 

that included the following: 

 

• Identification of ARARs. 

• Development of RAOs. 

• Identification of GRAs. 

• Identification of volumes or areas of media of concern. 

 

Technology screening evaluation is performed in this section with the completion of the following 

analytical steps: 

 

• Identification and screening of remedial technologies and process options. 

• Evaluation and selection of representative process options. 

 

Technologies and process options as previously identified under each GRA are screened.  The selection 

of technologies and process options for initial screening is based on the “Guidance for Conducting 

Remedial Investigations/Feasibility Studies under CERCLA” (USEPA, 1988).  The screening is first 

conducted at a preliminary level to focus on relevant technologies and process options.  Then the 

screening is conducted at a more detailed level based on certain evaluation criteria.  Finally, process 

options are selected to represent the technologies that have passed the detailed evaluation and 

screening. 

 

The evaluation criteria for detailed screening of technologies and process options that have been retained 

after the preliminary screening are effectiveness, implementability, and cost.  The following are 

descriptions of these criteria: 

 

• Effectiveness 

− Protection of human health and the environment; reduction in toxicity, mobility, or volume; and 

permanence of solution. 
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− Ability of the technology to address the estimated areas or volumes of contaminated medium. 

− Ability of the technology to attain PRGs required to meet RAOs. 

 

• Implementability  

− Overall technical feasibility at the site. 

− Availability of vendors, mobile units, storage and disposal services, etc. 

− Administrative feasibility. 

− Special long-term O&M requirements. 

• Cost (Qualitative) 

− Capital cost. 

− O&M costs. 

 

Technologies and process options will be identified for the remediation of soil and groundwater in the 

following sections. 

 

11.1 PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS 

OPTIONS 

As discussed in Section 10.3.1, the following GRAs were considered for groundwater remediation at 

Hangar 1000: 

  

•         No Action 

•         Limited Action 

•         Containment 

•         Removal 

•         In-Situ Treatment 

•         Ex-Situ (On-Site) Treatment 

•         Disposal 

  

Consideration of the No Action GRA is mandated by law.  Although Limited Action technologies such as 

natural attenuation, institutional controls, and monitoring would be of limited effectiveness for removal of 

the DNAPL source areas, they were retained for consideration because they would be effective to 

address contaminated groundwater outside of the DNAPL source areas.  Containment and Removal 

technologies, as well as the removal-associated Ex-Situ Treatment and Disposal technologies, were 

eliminated from further consideration because these types of technologies have historically proved 

ineffective for the removal of DNAPL, and they do not offer substantial advantages over Limited Action 

technologies for the remediation of contaminated groundwater outside of the DNAPL source areas.  

03JAX0008 11-2 CTO 0111 



Rev. 1 
03/19/04 

In-Situ Treatment technologies were retained for consideration because these types of technologies have 

generally proven most effective for the removal of DNAPL.  Although a previous IRA failed to prove the 

effectiveness of in-situ oxidation with Fenton Reagent, bench-scale testing of in-situ treatment with BNP 

was very successful (TtNUS, 2003), and this technology is likely to be most cost-effective for the removal 

of the DNAPL source areas at Hangar 1000. 

  

On that basis, the NAS Jacksonville Partnering Team has agreed to streamline the groundwater 

treatment technologies screening process and retain the following technologies for further consideration 

in this FFS: 

  

•         No Action 

•         Limited Action including natural attenuation, institutional controls, and monitoring 

•         In-Situ Treatment with BNP technology 

 

11.2 DETAILED SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS 

OPTIONS 

11.2.1 No Action 

No Action consists of maintaining status quo at the site.  As required under CERCLA regulations, the No 

Action alternative is carried through the FFS to provide a baseline for comparison of alternatives and their 

effectiveness in mitigating risks posed by site contaminants.  Since no remedial actions are taken under 

this alternative, there are no costs associated with “walking away from” the site.  There is also no 

reduction in risk through exposure control or treatment.  No Action would not be effective in evaluating 

contaminant mobility and potential migration off-site since no monitoring would be performed. 

 

Effectiveness 

 

No Action would not be effective in protecting human health and meeting RAOs.  Although the 

groundwater PRGs might eventually be met through naturally-occurring processes, this would not be 

verified through monitoring. 

 

Implementability 

 

There would be no implementability concerns because no action would be implemented. 
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Cost 

 
There would be no costs associated with No Action. 
 
Conclusion  

 
No Action is retained because of NCP requirements, although it would not be effective. 
 
11.2.2 Limited Action 

11.2.2.1 Institutional Controls 

Institutional controls would consist of restricting potential for exposure to contaminated groundwater.  

Hangar 1000 would be added to the institutional control program at NAS Jacksonville.  The institutional 

controls would include restrictions to prevent use of the surficial aquifer as a source of drinking water.  

Regular inspections would be conducted under the institutional control program to assure institutional 

controls remain in place.  A formal request would be made to the St. Johns Water Management District to 

not issue permits for installation of drinking water wells at the site that would draw water from the surficial 

aquifer. 

 

Effectiveness 

 

Groundwater use restrictions would be effective, depending on the administration of controls.  These 

controls would minimize potential human health risks associated with exposure to contaminated 

groundwater. 

 

Implementability 

 

Institutional controls would be readily implementable.  An institutional control program is currently in place 

for NAS Jacksonville, and Hangar 1000 could be readily added to this program. 

 

Costs 

 

Costs of institutional controls would be low. 

 

Conclusion 

 

Institutional controls are retained in combination with other process options for the development of 

remedial alternatives. 
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11.2.2.2 Monitoring 

Monitoring would consist of sampling and analyzing groundwater throughout the area of potential 

groundwater contamination to evaluate trends in concentrations of COCs.  Monitoring would also consist 

of sampling and analyzing groundwater on the periphery of the area of potential contamination as well as 

any downgradient surface water body to verify that no COCs are migrating off-site. 

 

Effectiveness 

 

Monitoring would not of itself reduce toxicity, mobility, or volume of COCs in the groundwater, but it would 

allow evaluation of the reduction of groundwater COCs concentrations through natural attenuation and 

warn of potential off-site migration of these COCs.     

 

Implementability 

 

A groundwater monitoring program would be readily implementable at Hangar 1000 and such a program 

is already ongoing.  A sufficient number of existing monitoring wells are currently in place at Hangar 1000 

for this purpose. 

 

Costs 

 

Capital and O&M costs of monitoring would be low. 

 

Conclusions 

 

Monitoring is retained in combination with other process options for the development of remedial 

alternatives. 

 

11.2.2.3 Natural Attenuation 

Natural attenuation would consist of monitoring groundwater quality to determine the extent to which 

indigenous microorganisms and natural biodegradation processes would break down the COCs over 

time.  For this purpose, samples from existing wells would be regularly collected and analyzed for natural 

attenuation parameters such as ORP, DO, pH, alkalinity, temperature, conductivity, biochemical and 

chemical oxygen demand, total organic carbon (TOC), ferrous and total iron, sulfur compounds (sulfide 

and sulfates), nitrogen compounds (nitrites and nitrates), orthophosphates, chloride, and metabolic gases 

(methane, ethane, ethene, and carbon dioxide). 
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Effectiveness 

 

Naturally occurring processes are expected to reduce the concentrations of most of the Hangar 1000 

groundwater COCs over the long term including chlorinated VOCs, petroleum compounds, and SVOCs.  

However, the presence of DNAPL source areas is expected to make the chlorinated VOC removal 

process extremely slow because of the recharging action of these source areas.  Potentially unacceptable 

human health risks would remain due to ingestion of groundwater from the surficial aquifer until all 

cleanup goals have been met.  Groundwater monitoring would provide a means of evaluating the 

effectiveness of natural attenuation. 

 

Implementability 

Natural attenuation would be easy to implement as it would only require groundwater monitoring and 

periodic site reviews.  The necessary resources are available. 

 

Costs 

Capital and O&M costs for natural attenuation would be low. 

 

Conclusion 

Natural attenuation is retained in combination with other process options for the development of remedial 

alternatives. 

 

11.2.3 In-Situ Treatment with BNP Technology 

In-situ treatment with BNP technology would consist of injecting in the DNAPL source areas controlled 

amounts of a slurry of nano-scale particles of zero-valent iron (ZVI) with a trace coating of a noble metal 

catalyst (typically palladium). 

 

ZVI can transform most chlorinated VOCs through reductive dechlorination. For example, ZVI can reduce 

TCE to ethene in accordance with the following chemical reaction: 

 

2 C2HCl3  +  8 Fe
0
   +   10 H

+
     ------->  2 C2H6  +  8 Fe

2+
  +  6 Cl

-
 

For groundwater treatment, ZVI has been mostly used in fixed-beds such as permeable reactive barriers 

(PRBs) constructed of iron filings.  BNP technology improves upon this earlier concept in three significant 

aspects: 

 

03JAX0008 11-6 CTO 0111 



Rev. 1 
03/19/04 

(1) Compared to the commercial grade micro- to milli-scale ZVI particles typically used in PRBs, BNP 

technology uses nano-scale particles.  This greatly increases the specific surface area of the 

reactive medium and, as a consequence, its effectiveness. 

 

(2) Compared to the plain iron particles typically used for ZVI applications, BNP technology uses iron 

particles coated with traces of a noble metal, such as palladium, that greatly increases reactivity per 

unit of metal surface. 

 

(3) Compared to traditional fixed-bed ZVI PRBs that depend on movement of groundwater and 

contaminants to bring these in contact with the reactive medium, BNP technology aggressively 

seeks contact with the contaminants to be treated through injection of a reactive colloidal emulsion 

directly into the areas of known contamination. 

 

Effectiveness 

In-situ treatment with BNP technology is an innovative approach that improves on the well-proven use of 

ZVI for groundwater remediation.  ZVI has proven effective for the treatment of a wide range of 

contaminants that include chlorinated VOCs, polychlorinated biphenyls, heavy metals (hexavalent 

chromium, nickel, and mercury), perchlorates, and nitrates.  This technology has proven particularly 

useful for the treatment of contaminants that are not particularly mobile because of sorption on soil 

particles, as is often the case with DNAPL such as that present at Hangar 1000.  A successful 

bench-scale treatability test (TtNUS, 2003) has provided preliminary confirmation of the effectiveness of 

this technology for the treatment of the Hangar 1000 groundwater. 

 

Implementability 

Application of BNP technology for the in-situ treatment of the DNAPL source areas would only require the 

installation of a limited number of relatively shallow injection wells.  This technology is innovative and the 

number of contractors qualified to oversee its application would be limited.  However, adequate resources 

would be available. 

 

Costs 

Capital and O&M costs for in-situ treatment with BNP technology would be moderate. 

Conclusion 

BNP technology is retained for the in-situ treatment of DNAPL source areas. 
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11.3 SELECTION OF REPRESENTATIVE PROCESS OPTIONS FOR GROUNDWATER 

The following technologies and process options are retained for development of groundwater remedial 

alternatives: 

 

• No Action 

• Institutional Controls 

• Monitoring  

• Natural Attenuation 

• In-Situ Treatment with BNP technology 
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12.0 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

12.1 INTRODUCTION 

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP of 

40 CFR Part 300, as revised in 1990.  The criteria as required by the NCP and the relative importance of 

these criteria are described in the following subsections. 

 

12.1.1 Evaluation Criteria 

In accordance to the NCP (40 CFR 300.430), the following nine criteria are used for the evaluation of 

remedial alternatives: 

 

• Overall Protection of Human Health and the Environment. 

• Compliance with ARARs. 

• Long-term Effectiveness and Permanence. 

• Reduction of Toxicity, Mobility, and Volume through Treatment. 

• Short-term Effectiveness. 

• Implementability. 

• Cost. 

• State Acceptance. 

• Community Acceptance. 

 

12.1.1.1 Overall Protection of Human Health and the Environment 

Alternatives must be assessed for adequate protection of human health and the environment, in both 

short and long-term, from unacceptable risks posed by hazardous substances or contaminants present at 

the site by eliminating, reducing, or controlling exposure levels exceeding remediation goals.  Overall 

protection draws on the assessments of other evaluation criteria, especially long-term effectiveness and 

permanence, short-term effectiveness, and compliance with ARARs. 

 

12.1.1.2 Compliance with ARARs 

Alternatives must be assessed to determine whether they attain ARARs under Federal environmental 

laws and State environmental laws.  If one or more applicable regulations cannot be complied with, then a 

waiver must be invoked.  Grounds for invoking a waiver would depend on the following circumstances: 
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• The alternative is an interim measure and will become part of a total remedial action that will attain 

the ARAR. 

 

• Compliance will result in greater risk to human health and the environment. 

 

• Compliance is technically impracticable from an engineering perspective. 

 

• The alternative will attain a standard of performance that is equivalent to that required under the 

otherwise applicable standard, requirement, or limitation through use of another method or approach. 

 

• A State requirement has not been consistently applied or the State has not demonstrated the 

intention to consistently apply the promulgated requirement in similar circumstances at other remedial 

actions within the State. 

 

• For Fund-financed responses only, an alternative that attains the ARAR will not provide a balance 

between the need for protection of human health and the environment at the site and the availability 

of Fund monies to respond to other sites that may present a threat to human health and the 

environment. 

 

12.1.1.3 Long-term Effectiveness and Permanence 

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the 

degree of certainty that the alternative will prove successful.  Factors that will be considered as 

appropriate include the following: 

 

Magnitude of Residual Risk: 

Risk posed by untreated waste or treatment residuals at the conclusion of remedial activities.  The 

characteristics or residuals should be considered to the degree that they remain hazardous, taking into 

account their volume, toxicity, mobility, and propensity to bioaccumulate. 

 

Adequacy and Reliability of Controls: 

Controls such as containment systems and institutional controls that are necessary to manage treatment 

residuals and untreated waste must be shown reliable.  In particular, the uncertainties associated with 

land disposal for providing long-term protection of residuals; the assessment for the potential need to 

replace technical components of the alternative such as a cap, slurry wall, or a treatment system; and the 

potential exposure pathways and risks posed should the remedial action need replacement. 
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12.1.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility, or 

volume will be assessed, including how treatment is used to address the principal threats posed by the 

site.  Factors that will be considered, as appropriate, include the following: 

 

• The treatment or recycling processes the alternative employs and the materials that they will treat. 

 

• The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or 

recycled. 

 

• The degree of expected reduction in toxicity, mobility, or volume of waste due to treatment or 

recycling and the specification of which reduction(s) are occurring. 

 

• The degree to which the treatment is irreversible. 

 

• The type and quantity of residuals that will remain following treatment considering persistence, 

toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and their 

constituents. 

 

• The degree to which treatment reduces the inherent hazards posed by principle threats at the site. 

 

12.1.1.5 Short-term Effectiveness 

The short-term impacts of the alternative will be assessed considering the following: 

 

• Short-term risks that might be posed on the community during implementation. 

 

• Potential impacts on workers during remedial action and the effectiveness and reliability of protective 

measures. 

 

• Potential environmental impacts of the remedial action and the effectiveness and reliability of 

mitigative measures during implementation. 

 

• Time until protection is achieved. 
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12.1.1.6 Implementability 

The ease or difficulty of implementing the alternatives will be assessed by considering the following types 

of factors, as appropriate: 

 

• Technical feasibility, including technical difficulties and unknowns associated with the construction 

and operation of a technology; the reliability of the technology; ease of undertaking additional 

remedial actions; and the ability to monitor the effectiveness of the remedy. 

 

• Administrative feasibility, including activities needed to coordinate with other offices and agencies, 

and the ability and time required obtaining any necessary approvals and permits from other agencies 

(for off-site actions).  

 

• Availability of services and materials, including the availability of adequate off-site treatment, storage 

capacity, and disposal capacity and services; the availability of necessary equipment and specialists, 

and provisions to ensure any necessary additional resources; the availability of services and 

materials; and availability of prospective technologies. 

 

12.1.1.7 Cost 

Capital cost shall include both direct and indirect costs.  Annual O&M costs shall be provided.  A NPW 

value of the capital and O&M costs shall be provided.  Typically, the cost estimate accuracy range is plus 

50 percent to minus 30 percent. 

 

12.1.1.8 State Acceptance 

The State’s concerns that must be assessed include the following: 

 

• The State’s position and key concerns related to the preferred alternative and other alternatives. 

• State comments on ARARs or the proposed use of waivers. 

 

These concerns cannot be evaluated at this time in the FFS until the State has reviewed and commented 

on the RI/FFS.  These concerns will be discussed, to the extent possible, in the Proposed Plan to be 

issued to the public for comment. 
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12.1.1.9 Community Acceptance 

This assessment consists of responses of the community to the proposed plan.  This assessment 

includes determining which components of the alternatives interested persons in the community support, 

have reservations about, or oppose.  The assessment can be done after comments on the Proposed Plan 

are received from the public. 

 

12.1.2 Relative Importance of Criteria 

Among the nine criteria, the threshold criteria are considered to be: 

 

• Overall protection of human health and the environment. 

• Compliance with ARARs (excluding those that may be waived). 

 

The threshold criteria must be satisfied in order for an alternative to be eligible for selection. 

 

Among the remaining criteria, the following five criteria are considered to be the primary balancing 

criteria: 

 

• Long-term Effectiveness and Permanence. 

• Reduction in Toxicity, Mobility, and Volume. 

• Short-term Effectiveness. 

• Implementability. 

• Cost. 

 

The balancing criteria are used to weigh the relative merits of alternatives. 

 

The remaining two of the nine criteria, State Acceptance and Community Acceptance, are considered to 

be modifying criteria that must be considered during remedy selection.  These last two criteria can be 

evaluated after the State of Florida has reviewed the document and the Proposed Plan has been 

discussed in a public meeting.  Therefore, this document addresses only seven out of the nine criteria. 

 

12.1.3 Selection of Remedy 

The selection of a remedy is a two-step process.  The first step consists of identification of a preferred 

alternative and presentation of the alternative in a Proposed Plan to the community for review and 

comment.  The preferred alternative must meet the following criteria: 
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• Protection of human health and the environment. 

• Compliance with ARARs unless a waiver is justified. 

• Cost effectiveness in protecting human health and environment and in complying with ARARs. 

• Utilization of permanent solutions and alternate treatment technologies or resource recovery 

technologies to the maximum extent practicable. 

 

The second step consists of the review of the comments and determination, in consultation with the State 

of Florida, of whether or not the preferred alternative continues to be the most appropriate remedial action 

for the site. 

 

12.2 DEVELOPMENT OF GROUNDWATER REMEDIAL ALTERNATIVES 

The following alternatives have been developed for groundwater remediation at Hangar 1000: 

 

1. No Action. 

2. Natural Attenuation, Institutional Controls, and Monitoring. 

3. Source Removal with BNP, Natural Attenuation, Institutional Controls, and Monitoring. 

 

Alternative 1 was developed and analyzed to serve as a baseline for other alternatives, as required by 

CERCLA and the NCP.  Alternatives 2 and 3 were formulated based on the decisions made by the 

NAS Jacksonville Partnering Team. 

 

A description and detailed analysis of these alternatives is provided in the following sections. 

 

12.2.1 Alternative 1 – No Action 

12.2.1.1 Description 

This alternative is a “walk-away” alternative that is required under CERCLA to establish a basis for 

comparison with other alternatives.  Under this alternative, the property would be released for unrestricted 

use.  This alternative cannot be chosen if waste remains on site. 

 

12.2.1.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative 1 would not provide protection of human health and the environment.  Under the current 

industrial land use, the potential for human exposure to contaminated groundwater would remain.  In 

addition, under a future residential land use scenario (which could occur with this alternative) 
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unacceptable risks to human receptors from contaminated groundwater would not be reduced.  Since no 

monitoring would be performed, potential contaminant migration would not be detected. 

 

Compliance with ARARs 

Alternative 1 would not comply with Chemical-Specific ARARs or TBC criteria (Safe Drinking Water Act, 

CSFs, RfDs, and GCTLs) since no action would be taken to reduce contaminant concentrations.  

Compliance with location-specific ARARs or TBC criteria would be purely incidental.  Action-specific 

ARARs or TBC criteria are not applicable. 

 

Long-term Effectiveness and Permanence 

Alternative 1 would have no long-term effectiveness and permanence because contaminated 

groundwater would remain.  As there would be no institutional controls to limit aquifer use or prevent 

residential development, the potential would also exist for unacceptable risk to develop for human 

receptors.  Alternative development of Hangar 1000 could also result in unacceptable risk to a 

correspondingly increased population of ecological receptors.  Since there would be no groundwater 

monitoring, potential migration would not be detected.  Although contaminant concentrations might 

eventually decrease to acceptable levels through natural attenuation, no monitoring would verify this. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 1 would not reduce toxicity, mobility, or volume of contaminants through treatment since no 

treatment would occur.  Some reduction of contaminant toxicity or volume might occur through natural 

dispersion, dilution, or other attenuation process, but no monitoring would be performed to verify this. 

 

Short-term Effectiveness 

Since no action would occur, implementation of Alternative 1 would not pose any risks to on-site workers 

or result in a short-term adverse impact to the local community and the environment.  Alternative 1 would 

not achieve RAOs and, although groundwater PRGs might eventually be achieved through natural 

attenuation, it would not be known when. 

 

Implementability 

Since no action would occur, Alternative 1 would be readily implementable.  The technical feasibility 

criteria, including constructability, operability, and reliability, are not applicable.  Implementability of 

administrative measures is not applicable since no measures would be taken. 
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Costs 

There would be no costs associated with the no-action alternative. 

 

12.2.2  Alternative 2: Natural Attenuation, Institutional Controls, and Monitoring 

12.2.2.1 Description 

Alternative 2 is illustrated on Figure 12-1 and would consist of the following three major components: 

(1) Natural attenuation, (2) institutional controls, and (3) monitoring. 

 

Component 1: Natural Attenuation 

Natural attenuation would rely on naturally occurring processes within the aquifer to reduce the 

concentrations of COCs.  Microorganisms within the surficial aquifer groundwater would use the COCs as 

substrate during growth processes.  As a result, these COCs would be metabolized by the 

microorganisms into other products.  Aquifer conditions would have to be continually monitored to ensure 

that concentrations are being adequately reduced through natural processes. 

 

Component 2: Institutional Controls 

Institutional controls would include limitation of land use to industrial purposes and prohibition of aquifer 

use for drinking purposes.  These controls would eliminate or reduce pathways of exposure to 

contaminants at the site.  Hangar 1000 would be incorporated into the institutional control program 

currently in place at NAS Jacksonville. 

 

Use of groundwater would be controlled through deed restrictions, and a formal request would be made 

to the St. Johns River Management District to not issue permits for installation of drinking water wells at 

the site which would draw water from the surficial aquifer.  The institutional controls would remain in place 

until COCs attain PRG levels. 

 

Component 3: Monitoring 

Monitoring would consist of regularly collecting and analyzing groundwater samples from within the 

contaminant plume to assess natural attenuation.  Monitoring would also consist of regularly collecting 

groundwater and surface water samples from areas downgradient of the contaminant plume to detect 

potential off-site migration of COCs.  Monitoring would be performed until COCs attain PRG levels.  

Sampling frequency would be semi-annual for the first five years of monitoring and annual thereafter.  

Monitoring locations are illustrated on Figure 4-2. 
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To the maximum practicable extent, monitoring activities would be integrated within the ongoing RCRA 

monitoring program at Hangar 1000 to avoid duplication of effort. 

 

Monitoring for natural attenuation would consist of collecting groundwater samples from 7 existing 

monitoring wells (MW-8, MW-8D, MW-14, MW-15, MW-17, MW-19, and MW-22).  Samples would be 

analyzed for VOCs and SVOCs.  For the first 5 years, samples would also be analyzed for natural 

attenuation indicator parameters, such as ORP, DO, pH, alkalinity, temperature, conductivity, TOC, 

ferrous and total iron, sulfur compounds (sulfates and sulfides), nitrogen compounds (nitrate and nitrite), 

orthophosphates, chlorides, and metabolic gases (methane, ethane, ethene, and carbon dioxide). 

 

Monitoring for COC migration would consist of collecting groundwater samples from two existing 

monitoring wells (MW-23 and MW-24).  Monitoring for COC migration would also consist of collecting one 

surface water sample at storm sewer location SEW-1 as illustrated on Figure 4-3.  Samples would be 

analyzed for VOCs and SVOCs.   

 

Five-year Reviews are performed every five years at NAS Jacksonville Installation Restoration Program 

sites to evaluate site status, assess the continued adequacy of remedial activities, and determine whether 

further action is necessary.  After monitoring for five years, the milestone objectives would be compared 

to COC concentrations and natural attenuation conditions in groundwater to determine if any additional 

action is warranted at Hangar 1000.   

 

The monitoring component would include the maintenance of the existing wells. 

 

12.2.2.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative 2 would be protective of human health and the environment. 

 

Although the contaminant plume would remain, natural attenuation, dispersion, and dilution would 

eventually reduce groundwater COCs concentrations to levels that would meet the PRGs. 

 

Institutional controls would be protective of human health and the environment.  Restricting Hangar 1000 

to industrial use and preventing the use of groundwater for drinking purposes would be protective of 

human health by preventing unacceptable risks from exposure to contaminated groundwater. 
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Monitoring would be protective of the environment by evaluating the progress of remediation and 

detecting potential migration of contaminated groundwater so that appropriate actions can be taken, if 

required. 

 

Some short-term risks could be incurred by workers, from exposure to contamination during 

implementation of this alternative.  However, the wearing of appropriate personal protection equipment 

(PPE) and compliance with site-specific health and safety procedures would minimize the potential for 

such exposure. 

 

No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative. 

 

Compliance with ARARs and TBC Criteria 

Alternative 2 would comply with location-, and action-specific ARARs and TBC criteria.  This alternative 

would not comply with chemical-specific ARARs, such as the MCLs or the FDEP GCTLs in the 

short-term, but eventually compliance would be achieved as natural processes within the aquifer reduce 

contaminant concentrations.  It is expected that compliance with chemical-specific ARARs could require 

several thousands years.  

 

Long-term Effectiveness and Permanence 

Alternative 2 would provide long-term effectiveness and permanence.  Although no removal of 

contaminated groundwater would occur and the contaminant plume would remain, risks to human health 

and the environment would be monitored. 

 

Natural occurring processes would reduce contaminant concentrations in the aquifer over the long-term to 

levels that comply with FDEP GCTLs.  Risk from exposure to contaminated groundwater would be 

addressed through institutional controls until PRGs are attained. 

 

Groundwater use restrictions would effectively prevent the use of the surficial aquifer as a potable water 

source until the groundwater PRGs have been achieved.  Restricting Hangar 1000 to industrial use would 

effectively and permanently prevent its development as a residential area, thereby reducing an 

unacceptable risk of exposure to future residents and an increased ecological population. 

 

Long-term monitoring would be an effective means to evaluate the progress of natural attenuation and 

detect the potential migration of contaminated groundwater. 
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Reduction of Toxicity, Mobility, or Volume through Treatment 

Although no active treatment is included in this alternative, contaminant volume and toxicity would be 

reduced over time through natural degradation processes.  This alternative would not provide an 

immediate reduction in contaminant mobility since neither groundwater containment nor extraction is 

proposed.  This alternative would not increase the rate of natural transformation processes that reduce 

the toxicity, mobility, or volume of contaminants in groundwater.  Human health toxicity posed by 

ingestion of groundwater contaminants would remain until concentrations are reduced by natural 

processes.  No treatment residuals would be produced if this alternative were implemented. 

 

Short-term Effectiveness 

Alternative 2 would have minimal short-term effectiveness concerns.  Exposure of workers to 

contamination during groundwater sampling would be minimized by using appropriately trained workers, 

wearing of appropriate PPE, and complying with site-specific health and safety procedures.  Alternative 2 

would not adversely impact the surrounding community or the environment. 

 

The RAOs would be achieved immediately upon the implementation of institutional controls and 

monitoring. 

 

Although no formal modeling was conducted during this FFS to evaluate the natural attenuation of 

groundwater COCs, some preliminary conceptual modeling performed by the USGS indicates that several 

thousand years would likely be required for the groundwater PRGs to be met without prior source 

removal.  As additional site-specific data becomes available, formal modeling may be performed to 

determine a more accurate remedial duration. 

 

Implementability 

Alternative 2 would be readily implementable. 

 

Sampling and analysis of groundwater and surface water, maintenance of monitoring wells, and 

performance of five-year reviews could readily be accomplished.  A similar monitoring program is 

currently ongoing at Hangar 1000.  The resources, equipment, and materials required for these activities 

are readily available. 

 

The administrative aspects of Alternative 2 would be relatively simple to implement.  No construction 

permits would be required for this alternative.  For institutional controls, Hangar 1000 could be easily 

incorporated into the institutional control program at NAS Jacksonville. 
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Costs 

The estimated costs for Alternative 2 are: 

 

• Capital Cost:    $9,000 

• 30-Year NPW of O&M Costs  $211,000 

• 30-Year NPW:    $220,000 

 

The above cost figures have been rounded to the nearest $1,000 to reflect the very preliminary nature of 

these estimates.  Although the estimated duration of Alternative 2 could be several thousand years, the 

NPW of this alternative has been estimated on a 30-year basis because, beyond this timeframe, the 

impact of the discounted value of money is such that there is no significant increase in that NPW.  A 

detailed cost estimate for this alternative is provided in Appendix J. 

 

12.2.3 Alternative 3: Source Removal with BNP, Natural Attenuation, Institutional 

Controls, and Monitoring 

12.2.3.1 Description 

Alternative 3 is illustrated on Figure 12-2 and would consist of the following four major components: 

(1) Source removal with in-situ BNP technology, (2) natural attenuation, (3) institutional controls, and 

(4) monitoring. 

 

Component 1:  Source Removal with In-situ BNP Technology  

Source removal with BNP technology would consist of injecting controlled amounts of an emulsion of 

catalyst-coated nano-scale ZVI particles in the DNAPL source areas to effect reductive dechlorination of 

the chlorinated VOCs that are the main DNAPL constituents.  Based upon the results of a bench-scale 

treatability study (TtNUS, 2003), it is anticipated that a total of 800 to 900 pounds of BNP would have to 

be injected into the subsurface.  To ensure good contact between the emulsion and the contaminated 

matrix, the BNP emulsion would be injected via two methods: (1) direct injection using DPT equipment 

and (2) a recirculation pumping system.   
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Although the exact design of the treatment system would have to be verified through pilot-scale 

treatability testing, the following conceptual two-step treatment scheme is assumed for the purpose of this 

FFS: 

 

• Direct injection of a BNP emulsion in selected areas with particularly high concentrations of 

chlorinated VOCs based upon site characterization data.  It is anticipated that this first step would 

involve the injection of approximately 100 pounds of BNP through a total of approximately 10 DPT 

injection points. 

 

• Recirculation of BNP emulsion through the entire suspected DNAPL source area.  It is anticipated 

that this second step would require the installation of three BNP injection wells immediately 

upgradient of the DNAPL source areas and three extraction wells immediately downgradient of these 

areas.  Depending on the results of planned modeling, the BNP emulsion would then be circulated 

through the system at an approximate rate of 10 gallons per minute.  The recirculation system would 

be used to inject BNP emulsion during three 2-day events over a period of three weeks.  

Approximately 200 to 250 pounds of BNP would be injected during each 2-day event, for a total 

injected quantity of approximately 700 pounds of BNP.  The proposed BNP recirculation treatment 

system is illustrated on Figure 12-3. 

 

During the injection process, geochemical data would be monitored using in-situ measurement devices 

and data loggers.  These devices would be used to monitor the anticipated relatively quick changes in 

groundwater resulting from BNP injection.  Performance monitoring associated with the source removal 

component would include the collection of 10 rounds of groundwater samples over a period of one year.  

The first 6 rounds of samples would be collected from 8 monitoring wells during the first month.  The 

following 4 rounds of samples would be collected quarterly from 16 wells during the remainder of the 

year.  Samples would be analyzed for VOCs, geochemical parameters, and natural attenuation 

parameters. 

 

Component 2: Natural Attenuation 

Component 2 for Alternative 3 would be identical to Component 1 for Alternative 2, except that the 

effectiveness of natural attenuation would be significantly enhanced by the removal of contaminant 

sources. 

 

Component 3: Institutional Controls 

Component 3 for Alternative 3 would be identical to Component 2 for Alternative 2, except that 

institutional controls would not have to stay in place as long. 
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Component 4: Monitoring 

Component 4 for Alternative 3 would be identical to Component 3 for Alternative 2, except that monitoring 

would only last an estimated 20 years. 

 

12.2.3.2 Detailed Analysis 

Overall Protection of Human Health and the Environment 

Alternative 3 would be protective of human health and the environment. 

 

Application of BNP technology would be protective of human health and the environment as it would 

actively remove sources of groundwater contamination and considerably accelerate the reduction of 

COCs concentrations to levels that would no longer constitute an unacceptable human health risk. 

 

Institutional controls would be protective of human health and the environment.  Restricting Hangar 1000 

to industrial use and preventing the use of groundwater for drinking purposes would be protective of 

human health by preventing unacceptable risks from exposure to contaminated groundwater. 

 

Monitoring would be protective of the environment by evaluating the progress of remediation and 

detecting potential migration of contaminated groundwater so that appropriate actions can be taken, if 

required. 

 

Some short-term risks could be incurred by workers, from exposure to contamination during 

implementation of this alternative.  However, the wearing of appropriate PPE and compliance with 

site-specific health and safety procedures would minimize the potential for such exposure. 

 

No adverse short-term or cross-media effects are anticipated as a result of implementing this alternative. 

 

Compliance with ARARs and TBC Criteria 

Alternative 3 would comply with location-, and action-specific ARARs and TBC criteria.  This alternative 

would not comply with chemical-specific ARARs, such as the MCLs or the FDEP GCTLs in the short-

term, but BNP technology would actively remove sources of groundwater contamination and significantly 

accelerate compliance through natural processes within the aquifer.  It is expected that chemical-specific 

ARARs would be met within approximately 18 years.  
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Long-term Effectiveness and Permanence 

Alternative 3 would provide long-term effectiveness and permanence. 

 

BNP technology would effectively and permanently remove sources of groundwater contamination and 

accelerate the reduction of groundwater COCs through natural processes.  Although the effectiveness of 

BNP technology for the removal of DNAPL at Hangar 1000 has been verified through bench-scale 

treatability testing (TtNUS, 2003), an additional pilot-scale test would be needed to confirm the exact 

design of the treatment system.   

 

Natural occurring processes would reduce contaminant concentrations in the aquifer over the long-term to 

levels that comply with FDEP GCTLs.  Risk from exposure to contaminated groundwater would be 

addressed through institutional controls until PRGs are attained. 

 

Groundwater use restrictions would effectively prevent the use of the surficial aquifer as a potable water 

source until the groundwater PRGs have been achieved.  Restricting Hangar 1000 to industrial use would 

effectively and permanently prevent its development as a residential area, thereby reducing an 

unacceptable risk of exposure to future residents and an increased ecological population. 

 

Long-term monitoring would be an effective means to evaluate the progress of natural attenuation and 

detect the potential migration of contaminated groundwater. 

 

Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 3 would reduce toxicity, mobility, and volume of contaminants through treatment.  Source 

removal with BNP technology would remove an estimated 60 pounds of COCs from groundwater and 

associated saturated soil.  Source removal would also reduce mobility by removing the driving force for 

contaminant migration.  No treatment residuals would be produced if this alternative were implemented. 

 

Short-term Effectiveness 

Alternative 3 would have minimal short-term effectiveness concerns.  Exposure of workers to 

contamination during application of the in-situ BNP technology and groundwater sampling would be 

minimized by using appropriately trained workers, wearing of appropriate PPE, and complying with 

site-specific health and safety procedures.  Alternative 3 would not adversely impact the surrounding 

community or the environment. 
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The RAOs would be achieved immediately upon the implementation of institutional controls and 

monitoring. 

 

Removal of the high concentrations of chlorinated VOCs in the DNAPL source areas with BNP 

technology is expected to considerably accelerate the attainment of groundwater PRGs through natural 

attenuation.  Although no formal modeling was conducted during this FFS to evaluate the natural 

attenuation of groundwater COCs, some preliminary conceptual modeling performed by the USGS 

indicates that once the DNAPL source areas have been removed, the groundwater PRGs would be 

attained through natural attenuation within approximately 17 years.  It is, therefore, estimated that 

Alternative 3 would meet PRGs within approximately 18 years. 

 

Implementability 

Alternative 3 would be readily implementable. 

 

Application of BNP technology for the removal of DNAPL source areas would be technically 

implementable, but the presence of an underground utility corridor might interfere with the optimum 

placement of the DPT injection points and injection and extraction wells.  A pilot-scale test would have to 

be performed to verify the design parameters for this technology.  Although the number of contractors 

qualified for the application of BNP technology is relatively limited, the resources, equipment, and 

materials required for these activities are readily available. 

 

Sampling and analysis of groundwater and surface water, maintenance of monitoring wells, and 

performance of five-year reviews could readily be accomplished.  A similar monitoring program is 

currently ongoing at Hangar 1000.  The resources, equipment, and materials required for these activities 

are readily available. 

 

The administrative aspects of Alternative 3 would be relatively simple to implement.  The substantive 

requirements of a UIC permit might have to be met for the injection of BNP.  A construction permit might 

also be needed for installation of the injection and extraction wells and DPT injection points for the BNP 

treatment system, but such a permit would be easy to secure.  For institutional controls, Hangar 1000 

could be easily incorporated into the institutional control program at NAS Jacksonville. 
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Costs 

The estimated costs for Alternative 3 are: 

 

• Capital Cost:   $418,000 

• 20-Year NPW of O&M Cost  $188,000 

• 20-Year NPW:   $606,000 

 

The above cost figures have been rounded to the nearest $1,000 to reflect the very preliminary nature of 

these estimates.  The NPW was estimated over a 20-year period to reflect the timeframe during which 

five-year site reviews would be performed.  A detailed cost estimate for this alternative is provided in 

Appendix J. 
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13.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section compares the analyses that were presented for each of the remedial alternatives in 

Section 12.0 of this FFS.  The criteria for comparison are identical to those used for the detailed analysis 

of individual alternatives. 

 

13.1 COMPARISON OF GROUNDWATER REMEDIATION ALTERNATIVES BY CRITERIA 

The following remedial alternatives for groundwater are being compared in this section: 

 

• Alternative 1: No Action. 

• Alternative 2: Natural Attenuation, Institutional Controls, and Monitoring. 

• Alternative 3: Source Removal with BNP, Natural Attenuation, Institutional Controls, and Monitoring. 

 

13.1.1 Overall Protection of Health and Environment 

Alternative 1 would not provide protection of human health and the environment because contaminants 

would remain in groundwater, and potential use of groundwater for drinking purpose could result in 

unacceptable risk to human receptors.  Also under this alternative, no warning would be provided of the 

potential for migration of COCs because no monitoring would occur. 

 

Alternatives 2 and 3 would be protective of human health and the environment.  The natural attenuation 

component of Alternative 2 would be protective of human health and the environment because it would 

eventually reduce the concentrations of COCs to the PRGs.  The institutional controls component of 

Alternative 2 would be protective of human health and the environment as it would reduce exposure to 

contaminated groundwater by prohibiting use of the surficial aquifer for drinking purposes until the PRGs 

are met.  The monitoring component of Alternative 2 would be protective of human health and the 

environment by evaluating the progress of remediation and detecting potential migration of COCs so that 

appropriate contingency measures can be taken. 

 

Alternative 3 would be more protective than Alternative 2, because in addition to the same institutional 

controls and monitoring components, this alternative would also include an active treatment component 

that would remove groundwater COCs much faster than natural attenuation. 

 

13.1.2 Compliance with ARARs and TBC Criteria 

Alternative 1 would not comply with chemical- and location-specific ARARs.  Action-specific ARARs or 

TBC criteria would not apply. 
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Alternatives 2 and 3 would comply with location- and action-specific ARARs and TBC criteria.  

Alternatives 2 and 3 would not immediately comply with chemical-specific ARARs and TBC criteria, but 

these two alternatives would eventually achieve compliance as they attain PRGs either through natural 

attenuation alone (Alternative 2) or through active treatment (Alternative 3).  Alternative 3 would achieve 

compliance much sooner than Alternative 2. 

 

13.1.3 Long-Term Effectiveness and Permanence 

Alternative 1 would not be effective and permanent because it would not restrict exposure to 

contaminated groundwater or provide monitoring for the evaluation of potential COCs migration. 

 

Alternatives 2 and 3 would provide long-term effectiveness and permanence. The natural attenuation 

component of Alternative 2 would effectively and permanently reduce concentrations of groundwater 

COCs to PRGs, although it would do so very slowly.  The institutional controls component of Alternative 2 

would effectively prevent the use of the surficial aquifer as a drinking water source until the PRGs have 

been achieved.  The long-term monitoring component of Alternative 2 would provide an effective means 

of evaluating the progress of remediation and verifying that no COC migration is occurring. 

 

Alternative 3 would be more effective than Alternative 2 because, in addition to the same institutional 

controls and monitoring components, this alternative would also include an active treatment component 

that greatly accelerates the removal of COCs. 

 

13.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternatives 1 and 2 would not achieve any reduction of toxicity, mobility, or volume of COCs through 

treatment.  Both alternatives would eventually achieve reduction of contaminant toxicity and volume 

through natural attenuation; however, under Alternative 1, this reduction would neither be verified nor 

quantified.  

 

Alternative 3 would achieve a reduction in COC toxicity and volume through treatment.  Alternative 3 

would irreversibly remove an estimated 60 pounds of COCs from the DNAPL source areas through 

application of BNP technology.  Alternative 3 would not generate treatment residues. 

 

13.1.5 Short-Term Effectiveness 

Implementation of Alternative 1 would not result in risks to site workers or adversely impact the 

surrounding community or environment because no remedial activities would be performed.  Alternative 1 
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would not achieve the RAOs and, although the PRGs might eventually be attained through natural 

processes, this would not be verified. 

 

Implementation of Alternative 2 would result in a slight possibility of exposing site workers to 

contaminated groundwater during monitoring activities.  However, these risks of exposure would be 

effectively controlled by wearing appropriate PPE and compliance with proper site-specific health and 

safety procedures.  Implementation of Alternative 2 would not adversely impact the surrounding 

community or environment.  Alternative 2 would achieve RAOs immediately upon implementation of 

institutional controls and monitoring.  Preliminary conceptual modeling indicates that attainment of PRGs 

would probably require several thousand years. 

 

Implementation of Alternative 3 would result in a significant possibility of exposing construction workers to 

contaminated groundwater during the construction and operation of a BNP technology treatment system 

and long-term groundwater monitoring activities.  However, these risks of exposure would be effectively 

controlled by wearing appropriate PPE and compliance with proper site-specific health and safety 

procedures.  Implementation of Alternative 3 would not adversely impact the surrounding community or 

environment. Alternative 3 would achieve RAOs immediately upon implementation of institutional 

controls.  Preliminary conceptual modeling indicates that PRGs would be attained within approximately 

18 years. 

 

13.1.6 Implementability 

Alternative 1 would be easiest to implement because there would be no activities to implement. 

 

Technical implementation of the various components of Alternatives 2 and 3 would be relatively simple.  

 

The technical implementation of the natural attenuation, institutional controls, and monitoring components 

of Alternative 2 would be very simple.  A similar monitoring program is currently ongoing at Hangar 1000.  

The resources, equipment, and material required for the activities associated with these components are 

readily available.  

 

The technical implementation of Alternative 3 would be somewhat more difficult than that of Alternative 2 

because this alternative would require the installation and O&M of a BNP technology treatment system.  

The presence of an underground utility corridor might interfere to some degree with the optimum 

placement of the BNP treatment system.  Also, because BNP technology is innovative, pilot-scale testing 

would be required to confirm its exact design, and the number of contractors with the required expertise 

would be relatively limited. 
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13-4 CTO 

The capital and O&M costs and NPW of the alternatives are as follows: 

03JAX0008 

 

Table 13-1 summarizes the comparative analysis of the two groundwater remedial alternatives. 

 

Administrative implementation of the various components of Alternatives 2 and 3 would be relatively 

simple.  

 

Administrative implementation of the institutional controls component of Alternative 2 would be simple 

because Hangar 1000 is expected to remain under military ownership for the foreseeable future.  

Administrative implementation of the monitoring component of Alternative 2 would also be simple and it 

would not require permits. 

 

The administrative implementation of Alternative 3 would be slightly more difficult than that of 

Alternative 2.  In addition to the same requirements as Alternative 2, Alternative 3 might have to meet the 

substantive requirements of a UIC permit for BNP injection.  Alternative 3 might also require a 

construction permit for installation of the DPT injection points for the initial BNP treatment and of the 

injection and extraction wells for the follow-up BNP treatment.  However, these requirements should be 

relatively easy to meet. 

 

13.1.7 Cost 

Alternative Capital Cost NPW of O&M Cost NPW Cost 
1 $0 $0 $0 
2 $9,000 $211,000 (30-Year) $220,000 (30-Year) 
3 $418,000 $188,000 (20-Year) $606,000 (20-Year) 

 

The above cost figures have been rounded to the nearest $1,000 to reflect the very preliminary nature of 

the estimates.  Detailed cost estimates are provided in Appendix J. 
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Based on the results of evaluation of alternatives, the NAS Jacksonville Partnering Team has selected 

Alternative 3 as the preferred remedy.  Alternative 3 was selected as the preferred remedy since it best 

meets the conditions for protection of human health and the environment through active removal of the 

sources of groundwater contamination.  Alternative 3 also meets this criterion through the establishment 

of institutional controls to prevent human exposure to contaminated groundwater until cleanup goals have 

been met through natural attenuation.  

13.2 SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL 

ALTERNATIVES 
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APPENDIX C

SOIL BORING LOGS
WELL COMPLETION RECORDS

















BORING LOG
Tetra Tech NUS, Inc. Page _1__ of _1__

PROJECT NAME: Hangar 1000
PROJECT NUMBER: N3995 DATE:
DRILLING COMPANY: Partridge Well Drilling GEOLOGIST:            Hal Davis
DRILLING RIG: DRILLER:

MATERIAL DESCRIPTION PID/FID Reading (ppm)

Sampl
e No. 
and

Type
or RQD

Depth (Ft.)
or

Run No.

Blows /
6" or 
RQD
(%)

Sample
Recovery

/
Sample
Length

Lithology
Change

(Depth/Ft.
)

or
Screened
Interval

Soil
Density/

Consistenc
y
or

 Rock 
Hardness

Color Material Classification

U
S
C
S
*

Remarks

Sa
m

pl
e

Sa
m

pl
er

 B
Z

B
or

eh
ol

e*
*

D
ril

le
r B

Z*
*

0-4'

4-8'

8-12'

12-16'

16-20'

20-24'

24-24.2'

24.2-27'

27-28'

28-32'

32-37'

37-41'

41-44'

44-48'

48-51'

51-54'

54-55'

55-56'

56-57'

57-58'

* When rock coring, enter rock brokeness.

** Include monitor reading in 6 foot intervals @ borehole.  Increase reading frequency if elevated reponse read. Drilling Area

Remarks: Background (ppm):

Converted to Well: Yes No Well I.D. #:

(5-inch streak of white, 

coarse to fine sand

Dark gray clay w/shells

Light green, medium to 
fine sand

2-inch clay stringer

Sandy fill

Gray sand w/silt and clay

BORING NUMBER:      H10 MW-8D
8/4/2000
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FIELD FORMS
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APPENDIX E

VALIDATED LABORATORY DATA PACKAGES
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APPENDIX F

FIELD ANALYTICAL LOG SHEETS
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APPENDIX G

USGS CONTAMINANT FATE AND TRANSPORT INFORMATION
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APPENDIX H

SUPPORTING INFORMATION FOR 
HUMAN HEALTH RISK ASSESSMENT 
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APPENDIX I

COMPUTATIONS OF DNAPL SOURCE AREAS CONTAMINANT MASS
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-31 H1000-06 H1000-02 H1000-03 H1000-31 H1000-34 H1000-38 H1000-05 H1000-06 H1000-35 H1000-03

Analyte 8' 11' 19' 19' 20' 20' 20' 21' 21' 22' 24'

1,1,1-Trichloroethane 337,000 25,300 2 362,300 181,150 1,480 831 U 34,700 2850 4,510 U 898 U 3,610 1,620 875 U 9 44,260 4,918

1,1,2,2-Tetrachloroethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,1,2-Trichloroethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,1-Dichloroethane 14,800 U 3,100 U 2 0 0 221 551 7,730 U 6070 5,640 565 820 U 296 1,070 9 14,413 1,601

1,1-Dichloroethene 5600 3,100 U 2 5,600 2,800 597 831 U 7,730 U 9,750 U 2800 898 U 1,100 706 875 U 9 5,203 578

1,2,4-Trichlorobenzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,2-Dibromo-3-chloropropane 14,800 U 3,100 2 3,100 1,550 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 328 U 875 U 9 820 91

1,2-Dibromoethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,2-Dichlorobenzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,2-Dichloroethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,2-Dichloropropane 22,900 3,100 U 2 22,900 11,450 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,3-Dichlorobenzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

1,4-Dichlorobenzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

2-Butanone 29,600 U 6,200 U 2 0 0 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 9 0 0

2-Hexanone 29,600 U 6,200 U 2 0 0 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 9 0 0

4-Methyl-2-pentanone 29,600 U 6,200 2 6,200 3,100 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 657 U 1,750 U 9 1,640 182

Acetone 29,600 U 6,200 U 2 0 0 128 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 9 128 14

Benzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 365 328 U 875 U 9 365 41

Bromodichloromethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Bromoform 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Bromomethane 14,800 U 3,100 2 3,100 1,550 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 9 1,718 191

Carbon disulfide 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Carbon tetrachloride 49,200 3,100 U 2 49,200 24,600 6.69 U 831 U 4930 9,750 U 4,510 U 898 U 820 U 242 875 U 9 5,172 575

Chlorobenzene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Chloroethane 14,800 U 3,100 2 3,100 1,550 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 9 1,718 191

Chloroform 14,800 U 3,100 U 2 0 0 1.89 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 2 0

Chloromethane 14,800 U 3,100 U 2 0 0 6.69 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 7 1

Cyclohexane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Dibromochloromethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Dichlorodifluoromethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

cis-1,3-Dichloropropene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

trans-1,3-Dichloropropene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Ethylbenzene 14,800 U 3,100 U 2 0 0 5.58 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 6 1

Isopropylbenzene (Cumene) 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Methyl Acetate 14,800,000 U 3,100,000 U 2 0 0 6690 U 831,000 U 7,730,000 U 9,750,000 U 4,510,000 U 898,000 U 820,000 U 328,000 U 875,000 U 9 0 0

Methylcyclohexane 14,800,000 U 3,100,000 U 2 0 0 6690 U 831,000 U 7,730,000 U 9,750,000 U 4,510,000 U 898,000 U 820,000 U 328,000 U 875,000 U 9 0 0

Methylene chloride 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 4,380 4,510 U 898 U 820 U 328 U 875 U 9 4,380 487

Styrene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

Tetrachloroethene 12,200 4,360 2 16,560 8,280 158 831 U 139,000 9,750 U 4,510 U 246 799 85 875 U 9 140,288 15,588

Toluene 14,800 U 3,100 U 2 0 0 66.7 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 67 7

Trichloroethene 133,000 60,100 2 193,100 96,550 8,450 11,300 139,000 224,000 74,500 15,700 15,900 10,900 1,220 9 500,970 55,663

Trichlorofluoromethane 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 9 1,718 191

Trichlorotrifluoroethane 29,700 2790 2 32,490 16,245 6.69 U 831 U 7,930 9,750 U 4,510 U 305 1,940 328 U 875 U 9 10,175 1,131

Vinyl chloride 5,910 U 1,240 U 2 0 0 2.67 U 333 U 3,090 U 3,900 U 1,800 U 359 U 354 131 U 350 U 9 354 39

Xylene (total) 14,800 U 3,100 U 2 0 0 28.5 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 29 3

cis-1,2-Dichloroethene 14,800 U 3,100 U 2 0 0 2,270 3,270 1510 6560 55,300 1,750 5,220 3,430 14,600 9 93,910 10,434

tert-Butyl methyl ether (MTBE) 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

trans-1,2-Dichloroethene 14,800 U 3,100 U 2 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 9 0 0

TOTAL VOCs 589,600 108,050 2 697,650 348,825 13,413 15,121 327,070 243,860 138,240 21,260 34,208 17,279 16,890 14 2,571,468 183,676

Notes: Total VOCs = 348,825.00 ug/kg Total VOCs = 91,926.82 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation. Conversion = 348.83 mg/kg Conversion = 91.93 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 66 ft2 Impacted Area (from drawing) = 189 ft2

Impacted Zone Thickness = 9 ft Impacted Zone Thickness = 9 ft

1.  All concentrations reported in micrograms per kilogram (ug/kg). Total Volume of Soil in Impacted Zone = 594 cf Total Volume of Soil in Impacted Zone = 1,701 cf

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 27 CF per CY Conversion Factor = 27 CF per CY

3.  J denotes analyte concentration is estimated. Conversion Factor = 1.4 tons per 1 yd3 (sand) Conversion Factor = 1.4 tons per 1 yd3 (sand)

4.  Bold and shaded denotes detected concentration. Conversion Factor = 907.2 kg per ton Conversion Factor = 907.2 kg per ton 

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using all samples in average. Mass of Soil Zone = 30.80 Tons Mass of Soil Zone = 88.20 Tons

J-values are included in the summation. Mass of Soil Zone = 27,941.76 Kg Mass of Soil Zone = 80,015.04 Kg

Mass of Contamination = 9.75 Kg Mass of Contamination = 7.36 Kg

Mass of Contamination = 21.49 lbs Mass of Contamination = 16.22 lbs

TOTAL MASS OF VOC CONTAMINATION IN HIGHEST IMPACTED AREA = 37.70 lbs

Jacksonville, Florida

Zone of Highest Concentrations (>5 ppm for any individual VOC)
MIMIMUM SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')

Hanger 1000

Naval Air Station Jacksonville

16 to 25 feet

# Total 
Samples (incl 

NDs)
Total VOCs Avg (ug/kg)

# Total 
Samples (incl 

NDs)
Total VOCs Avg (ug/kg)

7 to 16 feet
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-31 H1000-06 H1000-02 H1000-03 H1000-31 H1000-34 H1000-38 H1000-05 H1000-06 H1000-35 H1000-03

Analyte 8' 11' 19' 19' 20' 20' 20' 21' 21' 22' 24'

1,1,1-Trichloroethane 337,000 25,300 2 362,300 181,150 1,480 831 U 34,700 2850 4,510 U 898 U 3,610 1,620 875 U 5 44,260 8,852

1,1,2,2-Tetrachloroethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,1,2-Trichloroethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,1-Dichloroethane 14,800 U 3,100 U 0 0 0 221 551 7,730 U 6070 5,640 565 820 U 296 1,070 7 14,413 2,059

1,1-Dichloroethene 5600 3,100 U 1 5,600 5,600 597 831 U 7,730 U 9,750 U 2800 898 U 1,100 706 875 U 4 5,203 1,301

1,2,4-Trichlorobenzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,2-Dibromo-3-chloropropane 14,800 U 3,100 1 3,100 3,100 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 328 U 875 U 1 820 820

1,2-Dibromoethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,2-Dichlorobenzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,2-Dichloroethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,2-Dichloropropane 22,900 3,100 U 1 22,900 22,900 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,3-Dichlorobenzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

1,4-Dichlorobenzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

2-Butanone 29,600 U 6,200 U 0 0 0 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 0 0 0

2-Hexanone 29,600 U 6,200 U 0 0 0 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 0 0 0

4-Methyl-2-pentanone 29,600 U 6,200 1 6,200 6,200 13.4 U 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 657 U 1,750 U 1 1,640 1,640

Acetone 29,600 U 6,200 U 0 0 0 128 1,660 U 15,500 U 19,500 U 9,010 U 1,800 U 1,640 U 657 U 1,750 U 1 128 128

Benzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 365 328 U 875 U 1 365 365

Bromodichloromethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Bromoform 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Bromomethane 14,800 U 3,100 1 3,100 3,100 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 2 1,718 859

Carbon disulfide 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Carbon tetrachloride 49,200 3,100 U 1 49,200 49,200 6.69 U 831 U 4930 9,750 U 4,510 U 898 U 820 U 242 875 U 2 5,172 2,586

Chlorobenzene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Chloroethane 14,800 U 3,100 1 3,100 3,100 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 2 1,718 859

Chloroform 14,800 U 3,100 U 0 0 0 1.89 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 1 2 2

Chloromethane 14,800 U 3,100 U 0 0 0 6.69 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 1 7 7

Cyclohexane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Dibromochloromethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Dichlorodifluoromethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

cis-1,3-Dichloropropene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

trans-1,3-Dichloropropene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Ethylbenzene 14,800 U 3,100 U 0 0 0 5.58 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 1 6 6

Isopropylbenzene (Cumene) 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Methyl Acetate 14,800,000 U 3,100,000 U 0 0 0 6690 U 831,000 U 7,730,000 U 9,750,000 U 4,510,000 U 898,000 U 820,000 U 328,000 U 875,000 U 0 0 0

Methylcyclohexane 14,800,000 U 3,100,000 U 0 0 0 6690 U 831,000 U 7,730,000 U 9,750,000 U 4,510,000 U 898,000 U 820,000 U 328,000 U 875,000 U 0 0 0

Methylene chloride 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 4,380 4,510 U 898 U 820 U 328 U 875 U 1 4,380 4,380

Styrene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

Tetrachloroethene 12,200 4,360 2 16,560 8,280 158 831 U 139,000 9,750 U 4,510 U 246 799 85 875 U 5 140,288 28,058

Toluene 14,800 U 3,100 U 0 0 0 66.7 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 1 67 67

Trichloroethene 133,000 60,100 2 193,100 96,550 8,450 11,300 139,000 224,000 74,500 15,700 15,900 10,900 1,220 9 500,970 55,663

Trichlorofluoromethane 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 820 328 U 875 U 2 1,718 859

Trichlorotrifluoroethane 29,700 2790 2 32,490 16,245 6.69 U 831 U 7,930 9,750 U 4,510 U 305 1,940 328 U 875 U 3 10,175 3,392

Vinyl chloride 5,910 U 1,240 U 0 0 0 2.67 U 333 U 3,090 U 3,900 U 1,800 U 359 U 354 131 U 350 U 1 354 354

Xylene (total) 14,800 U 3,100 U 0 0 0 28.5 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 1 29 29

cis-1,2-Dichloroethene 14,800 U 3,100 U 0 0 0 2,270 3,270 1510 6560 55,300 1,750 5,220 3,430 14,600 9 93,910 10,434

tert-Butyl methyl ether (MTBE) 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

trans-1,2-Dichloroethene 14,800 U 3,100 U 0 0 0 6.69 U 831 U 7,730 U 9,750 U 4,510 U 898 U 820 U 328 U 875 U 0 0 0

TOTAL VOCs 589,600 108,050 2 697,650 348,825 13,413 15,121 327,070 243,860 138,240 21,260 34,208 17,279 16,890 14 2,571,468 183,676

Notes: Total VOCs = 395,425.00 ug/kg Total VOCs = 122,718.15 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation. Conversion = 395.43 mg/kg Conversion = 122.72 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 66 ft2 Impacted Area (from drawing) = 189 ft2

Impacted Zone Thickness = 9 ft Impacted Zone Thickness = 9 ft

1.  All concentrations reported in micrograms per kilogram (ug/kg). Total Volume of Soil in Impacted Zone = 594 cf Total Volume of Soil in Impacted Zone = 1,701 cf

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 27 CF per CY Conversion Factor = 27 CF per CY

3.  J denotes analyte concentration is estimated. Conversion Factor = 1.4 tons per 1 yd3 (sand) Conversion Factor = 1.4 tons per 1 yd3 (sand)

4.  Bold and shaded denotes detected concentration. Conversion Factor = 907.2 kg per ton Conversion Factor = 907.2 kg per ton 

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using only positive detections in average number of samples.

J-values are included in the summation. Mass of Soil Zone = 30.80 Tons Mass of Soil Zone = 88.20 Tons

Mass of Soil Zone = 27,941.76 Kg Mass of Soil Zone = 80,015.04 Kg

Mass of Contamination = 11.05 Kg Mass of Contamination = 9.82 Kg

Mass of Contamination = 24.36 lbs Mass of Contamination = 21.65 lbs

TOTAL MASS OF VOC CONTAMINATION IN HIGHEST IMPACTED AREA = 46.01 lbs

Naval Air Station Jacksonville

Jacksonville, Florida

>ND Samples Total VOCs Avg (ug/kg)

7 to 16 feet

>ND Samples Total VOCs Avg (ug/kg)

16 to 25 feet

AVERAGE SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')
Zone of Highest Concentrations (>5 ppm for any individual VOC)

Hanger 1000
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-31 H1000-06 H1000-02 H1000-03 H1000-31 H1000-34 H1000-38 H1000-05 H1000-06 H1000-35 H1000-03

Analyte 8' 11' 19' 19' 20' 20' 20' 21' 21' 22' 24'

1,1,1-Trichloroethane 337,000 25,300 2 362,300 181,150 1,480 416 34,700 2850 J 2,255 449 3,610 1,620 438 8 44,967 5,621

1,1,2,2-Tetrachloroethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,1,2-Trichloroethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,1-Dichloroethane 7,400 1,550 2 8,950 4,475 221 551 J 3,865 6070 J 5,640 565 J 410 296 J 1,070 5 11,206 2,241

1,1-Dichloroethene 5600 J 1,550 1 1,550 1,550 597 416 3,865 4,875 2800 J 449 1,100 706 438 8 12,445 1,556

1,2,4-Trichlorobenzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,2-Dibromo-3-chloropropane 7,400 3100 J 1 7,400 7,400 3.35 416 3,865 4,875 2,255 449 820 J 164 438 8 12,464 1,558

1,2-Dibromoethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,2-Dichlorobenzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,2-Dichloroethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,2-Dichloropropane 22,900 1,550 2 24,450 12,225 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,3-Dichlorobenzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

1,4-Dichlorobenzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

2-Butanone 14,800 3,100 2 17,900 8,950 6.70 830 7,750 9,750 4,505 900 820 329 1,750 U 8 24,890 3,111

2-Hexanone 14,800 3,100 2 17,900 8,950 6.70 830 7,750 9,750 4,505 900 820 329 1,750 U 8 24,890 3,111

4-Methyl-2-pentanone 14,800 6,200 J 1 14,800 14,800 6.70 830 7,750 9,750 4,505 900 1,640 J 329 1,750 U 7 24,070 3,439

Acetone 14,800 3,100 2 17,900 8,950 128 J 830 7,750 9,750 4,505 900 820 329 1,750 U 7 24,884 3,555

Benzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 365 J 164 438 8 12,464 1,558

Bromodichloromethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Bromoform 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Bromomethane 7,400 3,100 J 1 7,400 7,400 3.35 416 3,865 4,875 2,255 898 J 820 J 164 438 7 12,015 1,716

Carbon disulfide 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Carbon tetrachloride 49,200 1,550 2 50,750 25,375 3.35 416 4,930 J 4,875 2,255 449 410 242 J 438 7 8,845 1,264

Chlorobenzene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Chloroethane 7,400 3,100 J 1 7,400 7,400 3.35 416 3,865 4,875 2,255 898 J 820 J 164 438 7 12,015 1,716

Chloroform 7,400 1,550 2 8,950 4,475 1.89 J 416 3,865 4,875 2,255 449 410 164 438 8 12,871 1,609

Chloromethane 7,400 1,550 2 8,950 4,475 6.69 J 416 3,865 4,875 2,255 449 410 164 438 8 12,871 1,609

Cyclohexane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Dibromochloromethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Dichlorodifluoromethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

cis-1,3-Dichloropropene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

trans-1,3-Dichloropropene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Ethylbenzene 7,400 1,550 2 8,950 4,475 5.58 J 416 3,865 4,875 2,255 449 410 164 438 8 12,871 1,609

Isopropylbenzene (Cumene) 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Methyl Acetate 0 0 2 0 0 0.00 0 0 0 0 0 0 0 0 9 0 0

Methylcyclohexane 0 0 2 0 0 0.00 0 0 0 0 0 0 0 0 9 0 0

Methylene chloride 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4380 J 2,255 449 410 164 438 8 7,999 1,000

Styrene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

Tetrachloroethene 12200 J 4,360 1 4,360 4,360 158 416 139,000 4,875 2,255 246 J 799 J 85 J 438 6 147,141 24,524

Toluene 7,400 1,550 2 8,950 4,475 66.7 416 3,865 4,875 2,255 449 410 164 438 9 12,938 1,438

Trichloroethene 133,000 60,100 2 193,100 96,550 8,450 11,300 139,000 224,000 74,500 15700 J 15,900 10,900 1,220 8 485,270 60,659

Trichlorofluoromethane 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 898 J 820 J 164 438 7 12,015 1,716

Trichlorotrifluoroethane 29,700 2790 J 1 29,700 29,700 3.35 416 7,930 4,875 2,255 305 J 1,940 164 438 8 18,020 2,253

Vinyl chloride 2,955 620 2 3,575 1,788 1.34 416 1,545 1,950 900 180 354 66 175 9 5,586 621

Xylene (total) 7,400 1,550 2 8,950 4,475 28.5 416 3,865 4,875 2,255 449 410 164 438 9 12,900 1,433

cis-1,2-Dichloroethene 7,400 1,550 2 8,950 4,475 2,270 3,270 1510 J 6560 J 55,300 1,750 5,220 3,430 14,600 7 85,840 12,263

tert-Butyl methyl ether (MTBE) 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

trans-1,2-Dichloroethene 7,400 1,550 2 8,950 4,475 3.35 416 3,865 4,875 2,255 449 410 164 438 9 12,874 1,430

TOTAL VOCs 885,555 152,380 1.854166667 1,037,935 555,273 13,393 34,095 488,450 440,450 237,795 20,347 42,884 23,612 33,690 14 3,965,859 283,276

Notes: Total VOCs = 555,272.50 ug/kg Total VOCs = 172,649.04 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation Conversion = 555.27 mg/kg Conversion = 172.65 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 66 ft2 Impacted Area (from drawing) = 189 ft2

Yellow Shading - Non Detect values included as 1/2 of detection limit. Impacted Zone Thickness = 9 ft Impacted Zone Thickness = 9 ft

Total Volume of Soil in Impacted Zone = 594 cf Total Volume of Soil in Impacted Zone = 1,701 cf

1.  All concentrations reported in micrograms per kilogram (ug/kg). Conversion Factor = 27 CF per CY Conversion Factor = 27 CF per CY

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 1.4 tons per 1 yd3 (sand) Conversion Factor = 1.4 tons per 1 yd3 (sand)

3.  J denotes analyte concentration is estimated. Conversion Factor = 907.2 kg per ton Conversion Factor = 907.2 kg per ton 

4.  Bold and shaded denotes detected concentration.

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using positive detections and 1/2 of detection limits for non-detectMass of Soil Zone = 30.80 Tons Mass of Soil Zone = 88.20 Tons

J-values are not included in the summation. Mass of Soil Zone = 27,941.76 Kg Mass of Soil Zone = 80,015.04 Kg

Mass of Contamination = 15.52 Kg Mass of Contamination = 13.81 Kg

Mass of Contamination = 34.21 lbs Mass of Contamination = 30.46 lbs

TOTAL MASS OF VOC CONTAMINATION IN HIGHEST IMPACTED AREA = 64.66 lbs

Naval Air Station Jacksonville

Jacksonville, Florida

MAXIMUM SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')
Zone of Highest Concentrations (>5 ppm for any individual VOC)

Hanger 1000

16 to 25 feet

>ND Samples Total VOCs Avg (ug/kg)>ND Samples Total VOCs Avg (ug/kg)

7 to 16 feet
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-33 H1000-35 H1000-39 H1000-32 H1000-33 H1000-37

Analyte 8' 9' 16' 20' 20' 20'

1,1,1-Trichloroethane 1,160 3,230 640 3 5,030 1,676.67 265 119 U 134 9 12,139 1,348.74

1,1,2,2-Tetrachloroethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,1,2-Trichloroethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,1-Dichloroethane 304 146 164 3 614 204.67 218 U 94.9 233 U 9 1,531 170.06

1,1-Dichloroethene 146 367 587 3 1,100 366.67 218 U 106 48.1 9 2,724 302.64

1,2,4-Trichlorobenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,2-Dibromo-3-chloropropane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,2-Dibromoethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,2-Dichlorobenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,2-Dichloroethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,2-Dichloropropane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,3-Dichlorobenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

1,4-Dichlorobenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

2-Butanone 68.2 185 59.3 3 313 104.17 436 U 238 U 465 U 9 732 81.35

2-Hexanone 278 U 807 U 352 U 3 0 0.00 436 U 238 U 465 U 9 3 0.33

4-Methyl-2-pentanone 278 U 807 U 352 U 3 0 0.00 436 U 238 U 465 U 9 3 0.33

Acetone 278 U 807 U 352 U 3 0 0.00 436 U 238 U 465 U 9 3 0.33

Benzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Bromodichloromethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Bromoform 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Bromomethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Carbon disulfide 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Carbon tetrachloride 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Chlorobenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Chloroethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Chloroform 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Chloromethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Cyclohexane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Dibromochloromethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Dichlorodifluoromethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

cis-1,3-Dichloropropene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

trans-1,3-Dichloropropene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Ethylbenzene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Isopropylbenzene (Cumene) 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Methyl Acetate 139,000 U 404,000 U 176,000 U 3 0 0.00 218,000 U 119,000 U 233,000 U 9 3 0.33

Methylcyclohexane 139,000 U 404,000 U 176,000 U 3 0 0.00 218,000 U 119,000 U 233,000 U 9 3 0.33

Methylene chloride 139 U 404 U 176 U 3 0 0.00 119 119 U 233 U 9 122 13.56

Styrene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Tetrachloroethene 107 404 U 176 U 3 107 35.67 218 U 56.8 233 U 9 309 34.39

Toluene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Trichloroethene 139 U 2,690 1,850 3 4,540 1,513.33 1,170 119 U 2,160 9 13,926 1,547.37

Trichlorofluoromethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Trichlorotrifluoroethane 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

Vinyl chloride 55.7 U 161 U 70.5 U 3 0 0.00 87.3 U 47.6 U 93.1 U 9 3 0.33

Xylene (total) 46 404 U 176 U 3 46 15.33 218 U 119 U 233 U 9 110 12.26

cis-1,2-Dichloroethene 1,960 858 4,990 3 7,808 2,602.67 218 U 779 234 9 19,235 2,137.19

tert-Butyl methyl ether (MTBE) 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

trans-1,2-Dichloroethene 139 U 404 U 176 U 3 0 0.00 218 U 119 U 233 U 9 3 0.33

TOTAL VOCs 3,791 7,476 8,290 3 19,558 6,519.17 1,554 1,037 2,576 9 50,804 5,644.89

Notes: Total VOCs = 6,519.17 Total VOCs = 5,660.55 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation. Conversion = 6.52 Conversion = 5.66 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 209 Impacted Area (from drawing) = 89 ft2

Impacted Zone Thickness = 9 Impacted Zone Thickness = 9 ft

1.  All concentrations reported in micrograms per kilogram (ug/kg). Total Volume of Soil in Impacted Zone = 1,881 Total Volume of Soil in Impacted Zone = 801 cf

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 27 Conversion Factor = 27 CF per CY

3.  J denotes analyte concentration is estimated. Conversion Factor = 1.4 Conversion Factor = 1.4 tons per 1 yd3 (sand)

4.  Bold and shaded denotes detected concentration. Conversion Factor = 907.2 Conversion Factor = 907.2 kg per ton 

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using all samples in average. Mass of Soil Zone = 97.53 Mass of Soil Zone = 41.53 Tons

J-values are included in the summation. Mass of Soil Zone = 88,482.24 Mass of Soil Zone = 37,679.04 Kg

Mass of Contamination = 0.58 Mass of Contamination = 0.21 Kg

Mass of Contamination = 1.27 Mass of Contamination = 0.47 lbs

TOTAL MASS OF VOC CONTAMINATION IN MEDIUM IMPACTED AREA = 1.74 lbs

# Total 
Samples

(incl NDs)
Total VOCs Avg (ug/kg)

# Total 
Samples

(incl NDs)
Total VOCs Avg (ug/kg)

7 to 16 feet 16 to 25 feet

MINIMUM SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')
Zone of Medium Concentrations (>1 ppm and <5 ppm for any individual VOC)

Hanger 1000

Naval Air Station Jacksonville

Jacksonville, Florida
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-33 H1000-35 H1000-39 H1000-32 H1000-33 H1000-37

Analyte 8' 9' 16' 20' 20' 20'

1,1,1-Trichloroethane 1,160 3,230 640 3 5,030 1,676.67 265 119 U 134 8 12,139 1,517.33

1,1,2,2-Tetrachloroethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,1,2-Trichloroethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,1-Dichloroethane 304 146 164 3 614 204.67 218 U 94.9 233 U 7 1,531 218.65

1,1-Dichloroethene 146 367 587 3 1,100 366.67 218 U 106 48.1 8 2,724 340.47

1,2,4-Trichlorobenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,2-Dibromo-3-chloropropane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,2-Dibromoethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,2-Dichlorobenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,2-Dichloroethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,2-Dichloropropane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,3-Dichlorobenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

1,4-Dichlorobenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

2-Butanone 68.2 185 59.3 3 313 104.17 436 U 238 U 465 U 6 732 122.03

2-Hexanone 278 U 807 U 352 U 0 0 0.00 436 U 238 U 465 U 3 0 0.00

4-Methyl-2-pentanone 278 U 807 U 352 U 0 0 0.00 436 U 238 U 465 U 3 0 0.00

Acetone 278 U 807 U 352 U 0 0 0.00 436 U 238 U 465 U 3 0 0.00

Benzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Bromodichloromethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Bromoform 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Bromomethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Carbon disulfide 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Carbon tetrachloride 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Chlorobenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Chloroethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Chloroform 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Chloromethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Cyclohexane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Dibromochloromethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Dichlorodifluoromethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

cis-1,3-Dichloropropene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

trans-1,3-Dichloropropene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Ethylbenzene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Isopropylbenzene (Cumene) 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Methyl Acetate 139,000 U 404,000 U 176,000 U 0 0 0.00 218,000 U 119,000 U 233,000 U 3 0 0.00

Methylcyclohexane 139,000 U 404,000 U 176,000 U 0 0 0.00 218,000 U 119,000 U 233,000 U 3 0 0.00

Methylene chloride 139 U 404 U 176 U 0 0 0.00 119 119 U 233 U 4 119 29.75

Styrene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Tetrachloroethene 107 404 U 176 U 1 107 107.00 218 U 56.8 233 U 5 379 75.76

Toluene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Trichloroethene 139 U 2,690 1,850 2 4,540 2,270.00 1,170 119 U 2,160 7 14,682 2,097.43

Trichlorofluoromethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Trichlorotrifluoroethane 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

Vinyl chloride 55.7 U 161 U 70.5 U 0 0 0.00 87.3 U 47.6 U 93.1 U 3 0 0.00

Xylene (total) 46 404 U 176 U 1 46 46.00 218 U 119 U 233 U 4 139 34.75

cis-1,2-Dichloroethene 1,960 858 4,990 3 7,808 2,602.67 218 U 779 234 8 19,235 2,404.33

tert-Butyl methyl ether (MTBE) 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

trans-1,2-Dichloroethene 139 U 404 U 176 U 0 0 0.00 218 U 119 U 233 U 3 0 0.00

TOTAL VOCs 3,791 7,476 8,290 3 19,558 6,519.17 1,554 1,037 2,576 9 50,804 5,644.89

Notes: Total VOCs = 7,377.83 Total VOCs = 6,840.51 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation. Conversion = 7.38 Conversion = 6.84 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 209 Impacted Area (from drawing) = 89 ft2

Impacted Zone Thickness = 9 Impacted Zone Thickness = 9 ft

1.  All concentrations reported in micrograms per kilogram (ug/kg). Total Volume of Soil in Impacted Zone = 1,881 Total Volume of Soil in Impacted Zone = 801 cf

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 27 Conversion Factor = 27 CF per CY

3.  J denotes analyte concentration is estimated. Conversion Factor = 1.4 Conversion Factor = 1.4 tons per 1 yd3 (sand)

4.  Bold and shaded denotes detected concentration. Conversion Factor = 907.2 Conversion Factor = 907.2 kg per ton 

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using only positive detections in average number of samples.

J-values are included in the summation. Mass of Soil Zone = 97.53 Mass of Soil Zone = 41.53 Tons

Mass of Soil Zone = 88,482.24 Mass of Soil Zone = 37,679.04 Kg

Mass of Contamination = 0.65 Mass of Contamination = 0.26 Kg

Mass of Contamination = 1.44 Mass of Contamination = 0.57 lbs

TOTAL MASS OF VOC CONTAMINATION IN MEDIUM IMPACTED AREA = 2.01 lbs

7 to 16 feet 16 to 25 feet

AVERAGE SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')
Zone of Medium Concentrations (>1 ppm and <5 ppm for any individual VOC)

Hanger 1000

Naval Air Station Jacksonville

Jacksonville, Florida

>ND
Samples Total VOCs Avg (ug/kg)>ND

Samples Total VOCs Avg (ug/kg)
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Mass of Contaminants in Soil:

Sample Location with Sample Depth in feet bls: H1000-33 H1000-35 H1000-39 H1000-32 H1000-33 H1000-37

Analyte 8' 9' 16' 20' 20' 20'

1,1,1-Trichloroethane 1,160 3,230 640 3 5,030 1,676.67 265 60 134 J 8 12,064 1,508.02

1,1,2,2-Tetrachloroethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,1,2-Trichloroethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,1-Dichloroethane 304 146 J 164 J 1 304 304.00 109 94.9 J 117 6 1,139 189.75

1,1-Dichloroethene 146 367 J 587 2 733 366.50 109 106 J 48.1 J 6 1,944 323.92

1,2,4-Trichlorobenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,2-Dibromo-3-chloropropane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,2-Dibromoethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,2-Dichlorobenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,2-Dichloroethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,2-Dichloropropane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,3-Dichlorobenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

1,4-Dichlorobenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

2-Butanone 68.2 J 185 J 59.3 J 0 0 0.00 218 119 233 6 570 94.92

2-Hexanone 139 404 176 3 719 239.50 218 119 233 9 2,249 249.89

4-Methyl-2-pentanone 139 404 176 3 719 239.50 218 119 233 9 2,249 249.89

Acetone 139 404 176 3 719 239.50 218 119 233 9 2,249 249.89

Benzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Bromodichloromethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Bromoform 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Bromomethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Carbon disulfide 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Carbon tetrachloride 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Chlorobenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Chloroethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Chloroform 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Chloromethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Cyclohexane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Dibromochloromethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Dichlorodifluoromethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

cis-1,3-Dichloropropene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

trans-1,3-Dichloropropene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Ethylbenzene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Isopropylbenzene (Cumene) 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Methyl Acetate 0 0 0 3 0 0.00 0 0 0 9 3 0.33

Methylcyclohexane 0 0 0 3 0 0.00 0 0 0 9 3 0.33

Methylene chloride 70 202 88 3 360 119.83 119 J 60 117 8 1,018 127.23

Styrene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Tetrachloroethene 107 J 202 88 2 290 145.00 109 56.8 J 117 7 953 136.07

Toluene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Trichloroethene 70 2,690 1,850 3 4,610 1,536.50 1,170 60 2,160 9 14,148 1,572.00

Trichlorofluoromethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Trichlorotrifluoroethane 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

Vinyl chloride 28 81 35 3 144 47.87 44 24 47 9 452 50.23

Xylene (total) 46 J 202 88 2 290 145.00 109 60 117 8 1,012 126.50

cis-1,2-Dichloroethene 1,960 858 4,990 3 7,808 2,602.67 109 779 234 9 19,344 2,149.30

tert-Butyl methyl ether (MTBE) 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

trans-1,2-Dichloroethene 70 202 88 3 360 119.83 109 60 117 9 1,127 125.20

TOTAL VOCs 6,447 15,341 11,798 3 33,587 11,195.53 6,493 3,480 7,681 9 96,026 10,669.53

Notes: Total VOCs = 11,617.03 Total VOCs = 11,159.99 ug/kg

Blue Shading - J-value reported (estimated) and assumed as value in calcuation Conversion = 11.62 Conversion = 11.16 mg/kg

Grey Shading - Positive value reported. Impacted Area (from drawing) = 209 Impacted Area (from drawing) = 89 ft2

Yellow Shading - Non Detect values included as 1/2 of detection limit. Impacted Zone Thickness = 9 Impacted Zone Thickness = 9 ft

Total Volume of Soil in Impacted Zone = 1,881 Total Volume of Soil in Impacted Zone = 801 cf

1.  All concentrations reported in micrograms per kilogram (ug/kg). Conversion Factor = 27 Conversion Factor = 27 CF per CY

2.  U denotes analyte not detected above reported detection limit. Conversion Factor = 1.4 Conversion Factor = 1.4 tons per 1 yd3 (sand)

3.  J denotes analyte concentration is estimated. Conversion Factor = 907.2 Conversion Factor = 907.2 kg per ton 

4.  Bold and shaded denotes detected concentration.

This scenario includes an average VOC concentration per COC

as calcuated across the entire area using positive detections and 1/2 of detection limits for non-detects. Mass of Soil Zone = 97.53 Mass of Soil Zone = 41.53 Tons

J-values are not included in the summation. Mass of Soil Zone = 88,482.24 Mass of Soil Zone = 37,679.04 Kg

Mass of Contamination = 1.03 Mass of Contamination = 0.42 Kg

Mass of Contamination = 2.27 Mass of Contamination = 0.93 lbs

TOTAL MASS OF VOC CONTAMINATION IN MEDIUM IMPACTED AREA = 3.19 lbs

>ND
Samples Total VOCs Avg (ug/kg)>ND

Samples Total VOCs Avg (ug/kg)

7 to 16 feet 16 to 25 feet

MAXIMUM SCENARIO - Estimated Mass of Contaminants in Saturated Soil (7' to 25')
Zone of Medium Concentrations (>1 ppm and <5 ppm for any individual VOC)

Hanger 1000

Naval Air Station Jacksonville

Jacksonville, Florida
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